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1
MODULATION OF HUNTINGTIN
EXPRESSION

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/395,188, filed May 30, 2012, which is the
National Stage application filed under 35 U.S.C. 371 of Inter-
national Application No. PCT/US2010/048532, filed Sep. 10,
2010, which claims benefit of priority to U.S. provisional
application No. 61/241,583, filed Sep. 11, 2009, each of
which is herein incorporated in its entirety.

SEQUENCE LISTING

The present application is being filed along with a
Sequence Listing in electronic format. The Sequence Listing
is provided as a file entitled BIOLO113USC1SEQ_ST25.1xt
created Oct. 29, 2014, which is 488 Kb in size. The informa-
tion in the electronic format of the sequence listing is incor-
porated herein by reference in its entirety.

FIELD OF THE INVENTION

Provided herein are methods, compounds, and composi-
tions for reducing expression of huntingtin mRNA and pro-
tein in an animal. Such methods, compounds, and composi-
tions are useful, for example, to treat, prevent, or ameliorate
Huntington’s disease.

BACKGROUND

Huntington’s disease (HD) is a devastating autosomal
dominant, neurodegenerative disease caused by a CAG tri-
nucleotide repeat expansion encoding an abnormally long
polyglutamine (PolyQ) tract in the huntingtin protein. The
Huntington disease gene was first mapped in 1993 (The Hun-
tington’s Disease Collaborative Research Group. Cell. 1993,
72:971-83), consisting of a gene, IT15, which contained a
polymorphic trinucleotide repeat that is expanded and
unstable on HD chromosomes. Although CAG repeats in the
normal size range are usually inherited as Mendelian alleles,
expanded HD repeats are unstable through meiotic transmis-
sion and are found to be expanded beyond the normal size
range (6-34 repeat units) in HD patients.

Both normal and variant huntingtin protein are localized
chiefly in the cytoplasm of neurons (DiFiglia et al., Neuron
1995, 14:1075-81). As a result of excessive polyglutamine
length, huntingtin protein forms aggregates in the cytoplasm
and nucleus of CNS neurons (Davies etal., Cell 1997, 90:537-
548). Both transgenic animals and genetically modified cell
lines have been used to investigate the effects of expanded
polyQ repeats on the localization and processing of hunting-
tin. However, it is still unclear whether the formation of
aggregates per se is the essential cytotoxic step or a conse-
quence of cellular dysfunction.

HD is characterized by progressive chorea, psychiatric
changes and intellectual decline. This dominant disorder
affects males and females equally, and occurs in all races
(Gusella and MacDonald, Curr. Opin. Neurobiol. 1995
5:656-62). Symptoms of HD are due to the death of neurons
in many brain regions, but is most apparent in the striatum,
particularly in the caudate nucleus, which suffers a progres-
sive gradient of cell loss that ultimately decimates the entire
structure. Although the gene encoding huntingtin is expressed
ubiquitously (Strong, T. V. et al., Nat. Genet. 1995, 5:259-
263), selective cell loss and fibrillary astrocytosis is observed
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in the brain, particularly in the caudate and putamen of the
striatum and in the cerebral cortex of HD patients (Vonsattel,
J-P. et al., Neuropathol. Exp. Neurol. 1985, 44:559-577), and,
to a lesser extent, in the hippocampus (Spargo, E. et al., J.
Neurol. Neurosurg. Psychiatry 1993, 56:487-491) and the
subthalamus (Byers, R. K. et al., Neurology 1973, 23:561-
569).

Huntingtin is crucial for normal development and may be
regarded as a cell survival gene (Nasir et al., Human Molecu-
lar Genetics, Vol 5, 1431-1435). The normal function of hun-
tingtin remains incompletely characterized, but based upon
protein-protein interactions, it appears to be associated with
the cytoskeleton and required for neurogenesis (Walling et
al., J. Neurosci Res. 1998, 54:301-8). Huntingtin is specifi-
cally cleaved during apoptosis by a key cysteine protease,
apopain, known to play a pivotal role in apoptotic cell death.
The rate of cleavage is enhanced by longer polyglutamine
tracts, suggesting that inappropriate apoptosis underlies HD.

Antisense technology is emerging as an effective means for
reducing the expression of specific gene products and may
therefore prove to be uniquely useful in a number of thera-
peutic, diagnostic, and research applications for the modula-
tion of huntingtin expression. (See U.S. Patent Publication
Nos. 2008/0039418 and 2007/0299027)

Antisense compounds for modulating expression of hun-
tingtin are disclosed in the aforementioned published patent
applications. However, there remains a need for additional
such compounds.

SUMMARY OF THE INVENTION

Provided herein are methods, compounds, and composi-
tions for modulating expression of huntingtin and treating,
preventing, delaying or ameliorating Huntington’s disease
and/or a symptom thereof.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1:

The PK/PD relationship of huntingtin mRNA expression in
intrastriatal tissue with ISIS 387898 concentration in mouse
brain. C57/BL6 mice were administered a single bolus of 50
ng of ISIS 387898 and huntingtin mRNA expression as well
as the concentration of the antisense oligonucleotide in the
tissue were measured. The EC,, of ISIS 387898 was also
calculated.

FIG. 2:

Comparison of huntingtin mRNA expression in intrastri-
atal tissue and ISIS 387898 concentrations at various time
points. C57/BL6 mice were administered a single bolus of 50
ng of ISIS 387898 and huntingtin mRNA expression as well
as the concentration of the antisense oligonucleotide in the
tissue were measured. The duration of action (as measured by
htt mRNA expression) of ISIS 387898 (dashed line) was
observed to be longer even after the concentration of the
oligonucleotide (solid line) in the tissue.

FIG. 3:

The PK/PD relationship of huntingtin mRNA expression in
the anterior cortex tissue with ISIS 387898 concentration in
mouse brain. BACHD mice were administered an intracere-
broventricular infusion of 75 pug of ISIS 387898 for 2 weeks
and huntingtin mRNA expression as well as the concentration
of'the antisense oligonucleotide in the tissue were measured.
The EC5, of ISIS 387898 was also calculated.

FIG. 4

Comparison of huntingtin mRNA expression in anterior
cortex tissue and ISIS 387898 concentrations at various time
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points. BACHD mice were administered intracerebroven-
tricular infusion of 75 pg of ISIS 387898 for 2 weeks, and
huntingtin mRNA expression as well as the concentration of
the antisense oligonucleotide in the tissue were measured.
The duration of action (as measured by htt mRNA expres-
sion) of ISIS 387898 (dashed line) was observed to be longer
even after the concentration of the oligonucleotide (solid line)
in the tissue.

FIG. 5:

Comparison of huntingtin mRNA expression in posterior
cortex tissue and ISIS 388241 concentrations at various time
points. BACHD mice were administered intracerebroven-
tricular infusion of 50 pg of ISIS 388241 for 2 weeks, and
huntingtin mRNA expression as well as the concentration of
the antisense oligonucleotide in the tissue were measured.
The duration of action (as measured by htt mRNA expres-
sion) of ISIS 388241 (dashed line) was observed to be longer
even after the concentration of the oligonucleotide (solid line)
in the tissue.

FIG. 6:

Comparison of huntingtin mRNA expression in posterior
cortex tissue and ISIS 443139 concentrations at various time
points. BACHD mice were administered intracerebroven-
tricular infusion of 50 pg of ISIS 443139 for 2 weeks, and
huntingtin mRNA expression as well as the concentration of
the antisense oligonucleotide in the tissue were measured.
The duration of action (as measured by htt mRNA expres-
sion) of ISIS 443139 (dashed line) was observed to be longer
even after the concentration of the oligonucleotide (solid line)
in the tissue.

FIG. 7.

Effect of antisense oligonucleotide treatment on the motor
performance of BACHD mice using the Rotarod assay.
BACHD mice were treated with 50 pg/day ICV of ISIS
388241 or PBS for two weeks. Control groups of non-trans-
genic littermates were similarly treated with ISIS 388241 or
PBS. The accelerating Rotarod assay was then performed.
Animals were placed on the Rotarod at a speed of 2 RPM; the
Rotarod accelerated to 40 RPM over 5 minutes. The duration
to fall was recorded. Baseline values at 6 months age were
taken before the treatment and the time points given are the
age of the mice at which the assay was conducted. The bars
represent the duration to fall in seconds by BACHD mice
treated with ISIS 388241 (black); by BACHD mice treated
with PBS (hashed); and by non-transgenic littermates treated
with PBS (white). ISIS 388241-treated mice displayed
increased duration of fall and, therefore, improved motor
performance on the Rotarod, compared to the PBS control.

FIG. 8.

Effect of antisense oligonucleotide treatment on brain
weight of R6/2 mice. Six-month old R6/2 mice were treated
with 50 pg/day ICV of ISIS 388817 or control oligonucle-
otide ISIS 141923 or PBS for 4 weeks. Control groups of
non-transgenic littermates were similarly treated with ISIS
388817 or PBS. A control group of eight-week old pre-symp-
tomatic R6/2 mice were included in the study and not given
any treatment. The bars represent the brain weights of eight-
week old untreated R6/2 mice; R6/2 mice treated with ISIS
141923; R6/2 mice treated with PBS; R6/2 mice treated with
ISIS 388817; non-transgenic littermates treated with PBS;
and non-transgenic littermates treated with ISIS 388817.
There was an increase in brain weight of R6/2 mice treated
with ISIS 388817 compared to the PBS control.

FIG. 9

Behavioral characterization of antisense oligonucleotide-
treated YAC128 mice using the Open Field assay. Five month
0ld YAC128 mice were treated with 50 pg/day ICV of ISIS

20

30

35

40

45

4

388241 or control oligonucleotide ISIS 141923 or PBS for 14
days. A control group of non-transgenic FVB/NI littermates
were included in the study and not given any treatment. Mice
were placed in an open field arena that uses photobeam breaks
to measure horizontal and vertical movement over a 30 min
test session. Data was analyzed using Activity Monitor soft-
ware to examine total ambulatory movement within the arena
and movement within the center of the arena as a measure of
anxiety. The bars represent time in seconds spent at the center
of'the field by FVB/NJ mice, YAC128 treated with PBS, and,
YAC128 mice treated with ISIS 388241. YAC128 mice
treated with ISIS 388241 spent more time in the center and
were therefore deemed less anxiety-prone than the PBS con-
trol.

FIG. 10

Behavioral characterization of antisense oligonucleotide-
treated YAC128 mice using the Elevated Plus Maze assay.
Five month old YAC128 mice were treated with 50 pg/day
ICV of ISIS 388241 or control oligonucleotide ISIS 141923
or with PBS for 14 days. A control group of non-transgenic
FVB/NI littermates were included as untreated control. Mice
were placed in the center of an apparatus which consisted of
two open arms and two closed arms each measuring 659x6.25
cm and elevated 50 cm above the ground. The location of the
mice on the apparatus and amount of time spent in the open
arms was recorded over a 5 minute test session as a measure
of'anxiety. The bars represent the percentage of time spent in
the open arms by FVB/NI control, YAC128 treated with PBS,
and YAC128 mice treated with ISIS 388241. YAC128 mice
treated with ISIS 388241 spent more time in the open arms
and were therefore deemed less anxiety-prone than the PBS
control.

DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion, as claimed. Herein, the use of the singular includes the
pluralunless specifically stated otherwise. As used herein, the
use of “or” means “and/or” unless stated otherwise. Further-
more, the use of the term “including” as well as other forms,
such as “includes” and “included”, is not limiting. Also, terms
such as “element” or “component” encompass both elements
and components comprising one unit and elements and com-
ponents that comprise more than one subunit, unless specifi-
cally stated otherwise.

The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described. All documents, or portions of docu-
ments, cited in this application, including, but not limited to,
patents, patent applications, articles, books, and treatises, are
hereby expressly incorporated by reference for the portions of
the document discussed herein, as well as in their entirety.

Definitions

Unless specific definitions are provided, the nomenclature
utilized in connection with, and the procedures and tech-
niques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the art.
Standard techniques may be used for chemical synthesis, and
chemical analysis. Where permitted, all patents, applications,
published applications and other publications, GENBANK
Accession Numbers and associated sequence information
obtainable through databases such as National Center for
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Biotechnology Information (NCBI) and other data referred to
throughout in the disclosure herein are incorporated by ref-
erence for the portions of the document discussed herein, as
well as in their entirety.

Unless otherwise indicated, the following terms have the
following meanings:

“2'-O-methoxyethyl” (also 2'-MOE and 2'-O(CH,),—
OCH,) refers to an O-methoxy-ethyl modification of the 2'
position of a furosyl ring. A 2'-O-methoxyethyl modified
sugar is a modified sugar.

“2'-O-methoxyethyl nucleotide” means a nucleotide com-
prising a 2'-O-methoxyethyl modified sugar moiety.

“S-methylcytosine” means a cytosine modified with a
methyl group attached to the 5' position. A 5-methylcytosine
is a modified nucleobase.

“Active pharmaceutical agent” means the substance or sub-
stances in a pharmaceutical composition that provide a thera-
peutic benefit when administered to an individual. For
example, in certain embodiments an antisense oligonucle-
otide targeted to huntingtin is an active pharmaceutical agent.

“Active target region” or “target region” means a region to
which one or more active antisense compounds is targeted.
“Active antisense compounds” means antisense compounds
that reduce target nucleic acid levels or protein levels.

“Administered concomitantly” refers to the co-administra-
tion of two agents in any manner in which the pharmacologi-
cal effects of both are manifest in the patient at the same time.
Concomitant administration does not require that both agents
be administered in a single pharmaceutical composition, in
the same dosage form, or by the same route of administration.
The effects of both agents need not manifest themselves at the
same time. The effects need only be overlapping for a period
of time and need not be coextensive.

“Administering” means providing a pharmaceutical agent
to an individual, and includes, but is not limited to adminis-
tering by a medical professional and self-administering.

“Amelioration” refers to a lessening of at least one indica-
tor, sign, or symptom of an associated disease, disorder, or
condition. The severity of indicators may be determined by
subjective or objective measures, which are known to those
skilled in the art.

“Animal” refers to a human or non-human animal, includ-
ing, but not limited to, mice, rats, rabbits, dogs, cats, pigs, and
non-human primates, including, but not limited to, monkeys
and chimpanzees.

“Antisense activity” means any detectable or measurable
activity attributable to the hybridization of an antisense com-
pound to its target nucleic acid. In certain embodiments,
antisense activity is a decrease in the amount or expression of
atarget nucleic acid or protein encoded by such target nucleic
acid.

“Antisense compound” means an oligomeric compound
that is capable of undergoing hybridization to a target nucleic
acid through hydrogen bonding.

“Antisense inhibition” means reduction of target nucleic
acid levels or target protein levels in the presence of an anti-
sense compound complementary to a target nucleic acid com-
pared to target nucleic acid levels or target protein levels in the
absence of the antisense compound.

“Antisense oligonucleotide” means a single-stranded oli-
gonucleotide having a nucleobase sequence that permits
hybridization to a corresponding region or segment of a target
nucleic acid.

“Bicyclic sugar” means a furosyl ring modified by the
bridging of two non-geminal ring atoms. A bicyclic sugar is a
modified sugar.

10

25

40

45

55

60

6

“Bicyclic nucleic acid” or “BNA” refers to a nucleoside or
nucleotide wherein the furanose portion of the nucleoside or
nucleotide includes a bridge connecting two carbon atoms on
the furanose ring, thereby forming a bicyclic ring system.

“Cap structure” or “terminal cap moiety” means chemical
modifications, which have been incorporated at either termi-
nus of an antisense compound.

“Chemically distinct region” refers to a region of an anti-
sense compound that is in some way chemically different than
another region of the same antisense compound. For example,
a region having 2'-O-methoxyethyl nucleotides is chemically
distinct from a region having nucleotides without 2'-O-meth-
oxyethyl modifications.

“Chimeric antisense compound” means an antisense com-
pound that has at least two chemically distinct regions.

“Co-administration” means administration of two or more
pharmaceutical agents to an individual. The two or more
pharmaceutical agents may be in a single pharmaceutical
composition, or may be in separate pharmaceutical composi-
tions. Each of the two or more pharmaceutical agents may be
administered through the same or different routes of admin-
istration. Co-administration encompasses parallel or sequen-
tial administration.

“Complementarity” means the capacity for pairing
between nucleobases of a first nucleic acid and a second
nucleic acid.

“Contiguous nucleobases” means nucleobases immedi-
ately adjacent to each other.

“Diluent” means an ingredient in a composition that lacks
pharmacological activity, but is pharmaceutically necessary
or desirable. For example, the diluent in an injected compo-
sition may be a liquid, e.g. saline solution.

“Dose” means a specified quantity of a pharmaceutical
agent provided in a single administration, or in a specified
time period. In certain embodiments, a dose may be admin-
istered in one, two, or more boluses, tablets, or injections. For
example, in certain embodiments where subcutaneous
administration is desired, the desired dose requires a volume
not easily accommodated by a single injection, therefore, two
or more injections may be used to achieve the desired dose. In
certain embodiments, the pharmaceutical agent is adminis-
tered by infusion over an extended period of time or continu-
ously. Doses may be stated as the amount of pharmaceutical
agent per hour, day, week, or month.

“Effective amount” means the amount of active pharma-
ceutical agent sufficient to effectuate a desired physiological
outcome in an individual in need of the agent. The effective
amount may vary among individuals depending on the health
and physical condition of the individual to be treated, the
taxonomic group of the individuals to be treated, the formu-
lation of the composition, assessment of the individual’s
medical condition, and other relevant factors.

“Huntingtin nucleic acid” means any nucleic acid encod-
ing huntingtin. For example, in certain embodiments, a hun-
tingtin nucleic acid includes a DNA sequence encoding hun-
tingtin, an RNA sequence transcribed from DNA encoding
huntingtin (including genomic DNA comprising introns and
exons), and an mRNA sequence encoding huntingtin. “Hun-
tingtin mRNA” means an mRNA encoding a huntingtin pro-
tein.

“Fully complementary” or “100% complementary” means
each nucleobase of a nucleobase sequence of a first nucleic
acid has a complementary nucleobase in a second nucleobase
sequence of a second nucleic acid. In certain embodiments, a
first nucleic acid is an antisense compound and a target
nucleic acid is a second nucleic acid.
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“Gapmer” means a chimeric antisense compound in which
an internal region having a plurality of nucleosides that sup-
port RNase H cleavage is positioned between external regions
having one or more nucleosides, wherein the nucleosides
comprising the internal region are chemically distinct from
the nucleoside or nucleosides comprising the external
regions. The internal region may be referred to as a “gap
segment” and the external regions may be referred to as “wing
segments.”

“Gap-widened” means a chimeric antisense compound
having a gap segment of 12 or more contiguous 2'-deoxyri-
bonucleosides positioned between and immediately adjacent
to 5' and 3' wing segments having from one to six nucleosides.

“Hybridization” means the annealing of complementary
nucleic acid molecules. In certain embodiments, complemen-
tary nucleic acid molecules include an antisense compound
and a target nucleic acid.

“Immediately adjacent” means there are no intervening
elements between the immediately adjacent elements.

“Individual” means a human or non-human animal
selected for treatment or therapy.

“Internucleoside linkage” refers to the chemical bond
between nucleosides.

“Linked nucleosides” means adjacent nucleosides which
are bonded together.

“Mismatch” or “non-complementary nucleobase” refers to
the case when a nucleobase of a first nucleic acid is not
capable of pairing with the corresponding nucleobase of a
second or target nucleic acid.

“Modified internucleoside linkage” refers to a substitution
or any change from a naturally occurring internucleoside
bond (i.e. a phosphodiester internucleoside bond).

“Modified nucleobase” refers to any nucleobase other than
adenine, cytosine, guanine, thymidine, or uracil. An
“unmodified nucleobase” means the purine bases adenine (A)
and guanine (G), and the pyrimidine bases thymine (T),
cytosine (C), and uracil (U).

“Modified nucleotide” means a nucleotide having, inde-
pendently, a modified sugar moiety, modified internucleoside
linkage, or modified nucleobase. A “modified nucleoside”
means a nucleoside having, independently, a modified sugar
moiety or modified nucleobase.

“Modified oligonucleotide” means an oligonucleotide
comprising at least one modified nucleotide.

“Modified sugar” refers to a substitution or change from a
natural sugar.

“Motif” means the pattern of chemically distinct regions in
an antisense compound.

“Naturally occurring internucleoside linkage” means a 3'
to 5' phosphodiester linkage.

“Natural sugar moiety” means a sugar found in DNA (2'-H)
or RNA (2'-OH).

“Nucleic acid” refers to molecules composed of mono-
meric nucleotides. A nucleic acid includes ribonucleic acids
(RNA), deoxyribonucleic acids (DNA), single-stranded
nucleic acids, double-stranded nucleic acids, small interfer-
ing ribonucleic acids (siRNA), and microRNAs (miRNA). A
nucleic acid may also comprise a combination of these ele-
ments in a single molecule.

“Nucleobase” means a heterocyclic moiety capable of pair-
ing with a base of another nucleic acid.

“Nucleobase sequence” means the order of contiguous
nucleobases independent of any sugar, linkage, or nucleobase
modification.

“Nucleoside” means a nucleobase linked to a sugar.

“Nucleotide” means a nucleoside having a phosphate
group covalently linked to the sugar portion of the nucleoside.
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“Oligomeric compound” or “oligomer” means a polymer
oflinked monomeric subunits which is capable ot hybridizing
to at least a region of a nucleic acid molecule.

“Oligonucleotide” means a polymer of linked nucleosides
each of which can be modified or unmodified, independent
one from another.

“Parenteral administration” means administration through
injection or infusion. Parenteral administration includes sub-
cutaneous administration, intravenous administration, intra-
muscular administration, intraarterial administration, intrap-
eritoneal administration, or intracranial administration, e.g.
intrathecal or intracerebroventricular administration. Admin-
istration can be continuous, or chronic, or short or intermit-
tent.

“Peptide” means a molecule formed by linking at least two
amino acids by amide bonds. Peptide refers to polypeptides
and proteins.

“Pharmaceutical composition” means a mixture of sub-
stances suitable for administering to an individual. For
example, a pharmaceutical composition may comprise one or
more active pharmaceutical agents and a sterile aqueous solu-
tion.

“Pharmaceutically acceptable salts” means physiologi-
cally and pharmaceutically acceptable salts of antisense com-
pounds, i.e., salts that retain the desired biological activity of
the parent oligonucleotide and do not impart undesired toxi-
cological effects thereto.

“Phosphorothioate linkage” means a linkage between
nucleosides where the phosphodiester bond is modified by
replacing one of the non-bridging oxygen atoms with a sulfur
atom. A phosphorothioate linkage is a modified internucleo-
side linkage.

“Portion” means a defined number of contiguous (i.e.
linked) nucleobases of a nucleic acid. In certain embodi-
ments, a portion is a defined number of contiguous nucleo-
bases of a target nucleic acid. In certain embodiments, a
portion is a defined number of contiguous nucleobases of an
antisense compound.

“Prevent” refers to delaying or forestalling the onset or
development of a disease, disorder, or condition for a period
of time from minutes to indefinitely. Prevent also means
reducing risk of developing a disease, disorder, or condition.

“Prodrug” means a therapeutic agent that is prepared in an
inactive form that is converted to an active form within the
body or cells thereof by the action of endogenous enzymes or
other chemicals or conditions.

“Side effects” means physiological responses attributable
to a treatment other than the desired effects. In certain
embodiments, side effects include injection site reactions,
liver function test abnormalities, renal function abnormali-
ties, liver toxicity, renal toxicity, central nervous system
abnormalities, myopathies, and malaise. For example,
increased aminotransferase levels in serum may indicate liver
toxicity or liver function abnormality. For example, increased
bilirubin may indicate liver toxicity or liver function abnor-
mality.

“Single-stranded oligonucleotide” means an oligonucle-
otide which is not hybridized to a complementary strand.

“Specifically hybridizable” refers to an antisense com-
pound having a sufficient degree of complementarity between
an antisense oligonucleotide and a target nucleic acid to
induce a desired effect, while exhibiting minimal or no effects
onnon-target nucleic acids under conditions in which specific
binding is desired, i.e. under physiological conditions in the
case of in vivo assays and therapeutic treatments.
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“Targeting” or “targeted” means the process of design and
selection of an antisense compound that will specifically
hybridize to a target nucleic acid and induce a desired effect.

“Target nucleic acid,” “target RNA,” and “target RNA tran-
script” all refer to a nucleic acid capable of being targeted by
antisense compounds.

“Target segment” means the sequence of nucleotides of a
target nucleic acid to which an antisense compound is tar-
geted. “5' target site” refers to the 5'-most nucleotide of a
target segment.

“3' target site” refers to the 3'-most nucleotide of a target
segment.

“Therapeutically effective amount” means an amount of a
pharmaceutical agent that provides a therapeutic benefit to an
individual.

“Treat” refers to administering a pharmaceutical composi-
tion to effect an alteration or improvement of a disease, dis-
order, or condition.

“Unmodified nucleotide” means a nucleotide composed of
naturally occurring nucleobases, sugar moieties, and inter-
nucleoside linkages. In certain embodiments, an unmodified
nucleotide is an RNA nucleotide (i.e. p-D-ribonucleosides) or
a DNA nucleotide (i.e. B-D-deoxyribonucleoside).

Certain Embodiments

Certain embodiments provide methods, compounds, and
compositions for inhibiting huntingtin expression.

Certain embodiments provide antisense compounds tar-
geted to a huntingtin nucleic acid. In certain embodiments,
the huntingtin nucleic acid is any of the sequences set forth in
GENBANK Accession No. NM__002111.6 (incorporated
herein as SEQ ID NO: 1), GENBANK Accession No.
NT_006081.17 truncated from nucleotides 462000 to
634000 (incorporated herein as SEQ ID NO: 2), GENBANK
Accession No. NM__010414.1 (incorporated herein as SEQ
ID NO: 3), the complement of GENBANK Accession No.
NW_001109716.1 truncated at nucleotides 698000 to
866000 (incorporated herein as SEQ ID NO: 4), and GEN-
BANK Accession No. NM_ 024357.2 (incorporated herein
as SEQ ID NO: 5).

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12 to 30 linked
nucleosides wherein the linked nucleosides comprise at least
8 contiguous nucleobases of a sequence selected from among
the nucleobase sequences recited in SEQ ID NOs: 6, 9,10, 11,
12,13,14,15,18,19,20,21, 23,24, 25,26,27,28, 29,30, 32,
33,35,36,10,11,12, 13,18, 22, 32. In certain embodiments,
the modified oligonucleotide comprises at least 9, at least 10,
atleast 11, oratleast 12 contiguous nucleobases of a sequence
selected from among the nucleobase sequences recited in
SEQID NOs: 6,9, 10,11, 12,13, 14,15, 18, 19, 20, 21, 23,
24,25,26,27,28,29,30,32,33,35,36,10,11,12, 13,18, 22,
32. In certain embodiments, the nucleobase sequences are
those recited in SEQ ID NOs: 24, 25, 26, 6, 12, 28,21, 22,32,
13. In certain embodiments, the modified oligonucleotide
comprises at least 9, at least 10, at least 11, or at least 12
contiguous nucleobases of a sequence selected from among
the nucleobase sequences recited in SEQ ID NOs: 12,22, 28,
30,32, and 33.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 15 to 25 linked
nucleosides wherein the linked nucleosides comprise at least
8 contiguous nucleobases of a sequence selected from among
the nucleobase sequences recited in SEQ ID NOs: 6, 9,10, 11,
12,13,14,15,18,19,20,21, 23,24, 25,26,27,28, 29,30, 32,
33,35,36,10,11,12, 13,18, 22, 32. In certain embodiments,
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the modified oligonucleotide comprises at least 9, at least 10,
at least 11, at least 12, at least 13, at least 14 or at least 15
contiguous nucleobases of a sequence selected from among
the nucleobase sequences recited in SEQID NOs: 6,9, 10,11,
12,13,14,15,18,19,20,21, 23,24, 25,26,27, 28,29, 30, 32,
33,35,36,10,11, 12, 13, 18, 22, 32. In certain embodiments,
the nucleobase sequences are those recited in SEQ ID NOs:
24,25,26, 6,12, 28,21, 22,32, 13. In certain embodiments,
the modified oligonucleotide comprises at least 9, at least 10,
at least 11, at least 12, at least 13, at least 14 or at least 15
contiguous nucleobases of a sequence selected from among
the nucleobase sequences recited in SEQ ID NOs: 12, 22, 28,
30, 32, and 33.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 18 to 21 linked
nucleosides wherein the linked nucleosides comprise at least
8 contiguous nucleobases of a sequence selected from among
the nucleobase sequences recited in SEQID NOs: 6,9, 10,11,
12,13,14,15,18,19,20,21, 23,24, 25,26,27, 28,29, 30, 32,
33,135,136, 10, 11, 12, 13, 18, 22, and 32. In certain embodi-
ments, the modified oligonucleotide comprises at least 9, at
least 10, at least 11, at least 12, at least 13, at least 14, at least
15, at least 16, at least 17 or at least 18 contiguous nucleo-
bases of a sequence selected from among the nucleobase
sequences recited in SEQ ID NOs: 6,9, 10, 11,12, 13, 14, 15,
18,19,20,21,23,24,25,26,27,28,29,30,32,33, 35, 36, 10,
11,12,13, 18,22 and 32. In certain embodiments, the nucleo-
base sequences are those recited in SEQ ID NOs: 24, 25, 26,
6,12,28,21,22,32,13. Incertain embodiments, the modified
oligonucleotide comprises at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least
17, or at least 18 contiguous nucleobases of a sequence
selected from among the nucleobase sequences recited in
SEQ ID NOs: 12, 22, 28, 30, 32, and 33.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12-30 linked nucleo-
sides wherein the linked nucleosides comprise at least an 8
contiguous nucleobase portion that is complementary within
the region selected from nucleotides 4384-4403, 4605-4624,
4607-4626, 4608-4627, 4609-4628, 4610-4629, 4617-4636,
4622-4639, 4813-4832, 4814-4833, 4823-4842, 4860-4877,
4868-4887, 4925-4944, 4928-4947, 4931-4950, 4931-4948,
4955-4974, 4960-4977, 5801-5820, 5809-5828, 5809-5826,
101088-101105, 115066-115085, 4607-4626, 4608-4627,
4609-4628, 4610-4629, 4813-4832, 4862-4881, 5809-5828,
4928-4947 of SEQ ID NO: 1. In certain embodiments the
region is selected from 4384-4403, 4609-4628, 4610-4629,
4860-4877, 4862-4881, 4925-4944, 4928-4947, 4931-4950,
4955-4974, and 5809-5828 of SEQ ID NO: 1. In certain
embodiments the region is selected from 4862-4881, 4609-
4628, 5809-5828, 5809-5826, 5801-5820, and 4955-4974. In
certain embodiments, the modified oligonucleotide has at
leasta 9, atleasta 10,atleastan 11, orat leasta 12 contiguous
nucleobase portion of which is complementary within a
region described herein.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 15-25 linked nucleo-
sides wherein the linked nucleosides comprise at least an 8
contiguous nucleobase portion that is complementary within
the region selected from nucleotides 4384-4403, 4609-4628,
4610-4629, 4860-4877, 4862-4881, 4925-4944, 4928-4947,
4931-4950, 4955-4974, and 5809-5829 of SEQID NO: 1. In
certain embodiments, the modified oligonucleotide has at
leasta 9, atleasta 10, at leastan 11, at leasta 12, at leasta 13,
or at least a 15 contiguous nucleobase portion of which is
complementary within a region described herein.
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Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 15-25 linked nucleo-
sides wherein the linked nucleosides comprise at least an 8
contiguous nucleobase portion that is complementary within
the region selected from nucleotides 4862-4881, 4609-4628,
5809-5828, 5809-5826, 5801-5820, and 4955-4974. In cer-
tain embodiments, the modified oligonucleotide has at least a
9, atleast a 10, at least an 11, at least a 12, at least a 13, or at
least a 15 contiguous nucleobase portion of which is comple-
mentary within a region described herein.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 18-21 linked nucleo-
sides wherein the linked nucleosides comprise at least an 8
contiguous nucleobase portion that is complementary within
the region selected from nucleotides 4384-4403, 4609-4628,
4610-4629, 4860-4877, 4862-4881, 4925-4944, 4928-4947,
4931-4950, 4955-4974, and 5809-5829 of SEQID NO: 1. In
certain embodiments, the modified oligonucleotide has at
leasta 9, atleasta 10, atleastan 11, at leasta 12, at least a 13,
atleasta 14, at leasta 15, atleast a 16, at least a 17, or at least
an 18 contiguous nucleobase portion of which is complemen-
tary within a region described herein.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 18-21 linked nucleo-
sides wherein the linked nucleosides comprise at least an 8
contiguous nucleobase portion that is complementary within
the region selected from nucleotides 4862-4881, 4609-4628,
5809-5828, 5809-5826, 5801-5820, and 4955-4974. In cer-
tain embodiments, the modified oligonucleotide has at least a
9, atleasta 10, atleastan 11, at leasta 12, at least a 13, at least
al4, atleasta 15, atleasta 16, at least a 17, or at least an 18
contiguous nucleobase portion of which is complementary
within a region described herein.

In certain embodiments, the modified oligonucleotide con-
sists of a single-stranded modified oligonucleotide.

In certain embodiments, the modified oligonucleotide con-
sists of 20 linked nucleosides.

In certain embodiments, the nucleobase sequence of the
modified oligonucleotide is at least 90% complementary over
its entire length to a nucleobase sequence of SEQ ID NO: 1,
2,3,4 or5. In certain embodiments, the nucleobase sequence
of the modified oligonucleotide is at least 95% complemen-
tary over its entire length to a nucleobase sequence of SEQ ID
NO: 1, 2, 3, 4 or 5. In certain embodiments, the modified
oligonucleotide is at least 99% complementary over its entire
length to SEQID NO: 1, 2,3, 4 or 5. In certain embodiments,
the nucleobase sequence of the modified oligonucleotide is
100% complementary over its entire length to a nucleobase
sequence of SEQ IDNO: 1,2, 3,4 or 5.

In certain embodiments, the compound has at least one
modified internucleoside linkage. In certain embodiments,
the internucleoside linkage is a phosphorothioate inter-
nucleoside linkage.

In certain embodiments, the compound has at least one
nucleoside comprising a modified sugar. In certain embodi-
ments, the at least one modified sugar is a bicyclic sugar. In
certain embodiments, the at least one bicyclic sugar com-
prises a 4'-CH(CH,)—O-2' bridge. In certain embodiments,
the at least one modified sugar comprises a 2'-O-methoxy-
ethyl.

In certain embodiments, the compound comprises at least
one at least one tetrahydropyran modified nucleoside wherein
a tetrahydropyran ring replaces the furanose ring. In certain
embodiments, the at least one tetrahydropyran modified
nucleoside has the structure:
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wherein Bx is an optionally protected heterocyclic base moi-
ety.

In certain embodiments, the compound has at least one
nucleoside comprising a modified nucleobase. In certain
embodiments, the modified nucleobase is a 5-methylcy-
tosine.

In certain embodiments, the modified oligonucleotide of
the compound comprises:

(1) a gap segment consisting of linked deoxynucleosides;
(i1) a 5' wing segment consisting of linked nucleosides;

(iii) a 3' wing segment consisting of linked nucleosides,
wherein the gap segment is positioned between the 5' wing
segment and the 3' wing segment and wherein each nucleo-
side of each wing segment comprises a modified sugar.

In certain embodiments, the modified oligonucleotide of
the compound comprises:

(1) a gap segment consisting often linked deoxynucleosides;
(ii) a 5' wing segment consisting of five linked nucleosides;

(iii) a 3' wing segment consisting of five linked nucleosides,
wherein the gap segment is positioned immediately adjacent
to and between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2'-0O-methoxyethyl sugar; and wherein each internucleoside
linkage is a phosphorothioate linkage.

In certain embodiments, the modified oligonucleotide of
the compound comprises:

(1) a gap segment consisting of eight linked deoxynucleo-
sides;

(i1) a 5' wing segment consisting of six linked nucleosides;
(iii) a 3' wing segment consisting of six linked nucleosides,
wherein the gap segment is positioned immediately adjacent
to and between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2'-0O-methoxyethyl sugar; and wherein each internucleoside
linkage is a phosphorothioate linkage.

In certain embodiments, the modified oligonucleotide of
the compound comprises:

(1) a gap segment consisting of eight linked deoxynucleo-
sides;

(ii) a 5' wing segment consisting of five linked nucleosides;
(iii) a 3' wing segment consisting of five linked nucleosides,
wherein the gap segment is positioned immediately adjacent
to and between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2'-0O-methoxyethyl sugar; and wherein each internucleoside
linkage is a phosphorothioate linkage.

Certain embodiments provide a composition comprising a
compound as described herein, or a salt thereof, and a phar-
maceutically acceptable carrier or diluent. In certain embodi-
ments, the composition comprises a modified oligonucleotide
consisting of 12 to 30 linked nucleosides and having a nucleo-
base sequence comprising at least 12 contiguous nucleobases
of a nucleobase sequence selected from among the nucleo-
base sequences recited in SEQ ID NOs: 6, 9, 10, 11, 12, 13,
14,15,18,19,20,21, 23,24, 25, 26,27, 28,29, 30,32,33,35,
36, 10, 11, 12, 13, 18, 22 and 32 or a salt thereof and a
pharmaceutically acceptable carrier or diluent.
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Certain embodiments provide a composition comprising a
compound as described herein, or a salt thereof, and a phar-
maceutically acceptable carrier or diluent. In certain embodi-
ments, the composition comprises a modified oligonucleotide
consisting of 12 to 30 linked nucleosides and having a nucleo-
base sequence comprising at least 12 contiguous nucleobases
of a nucleobase sequence selected from among the nucleo-
base sequences recited in SEQ ID NOs: 12,22, 28, 30,32, and
33 or a salt thereof and a pharmaceutically acceptable carrier
or diluent.

Certain embodiments provide methods of treating, pre-
venting, or ameliorating Huntington’s disease.

Certain embodiments provide methods comprising admin-
istering to an animal a compound as described herein to an
animal. In certain embodiments, the method comprises
administering to an animal a modified oligonucleotide con-
sisting of 121030 linked nucleosides and having a nucleobase
sequence comprising at least 8 contiguous nucleobases of a
nucleobase sequence selected from among the nucleobase
sequences recited in SEQ ID NOs: 6,9, 10, 11,12, 13, 14, 15,
18,19,20,21,23,24,25,26,27,28,29,30,32,33, 35,36, 10,
11,12, 13, 18, 22 and 32.

Certain embodiments provide methods comprising admin-
istering to an animal a compound as described herein to an
animal. In certain embodiments, the method comprises
administering to an animal a modified oligonucleotide con-
sisting of 121030 linked nucleosides and having a nucleobase
sequence comprising at least 8 contiguous nucleobases of a
nucleobase sequence selected from among the nucleobase
sequences recited in SEQ ID NOs: 12, 22, 28,30, 32, and 33.

In certain embodiments, the animal is a human.

In certain embodiments, the administering prevents, treats,
ameliorates, or slows progression Huntington’s disease as
described herein.

In certain embodiments, the compound is co-administered
with a second agent.

In certain embodiments, the compound and the second
agent are administered concomitantly.

In certain embodiments, the administering is parenteral
administration. In certain embodiments, the parenteral
administration is intracranial administration. In certain
embodiments, the intracranial administration is intrathecal or
intracerebroventricular administration.

Certain embodiments further provide a method to reduce
huntingtin mRNA or protein expression in an animal com-
prising administering to the animal a compound or composi-
tion as described herein to reduce huntingtin mRNA or pro-
tein expression in the animal. In certain embodiments, the
animal is a human. In certain embodiments, reducing hun-
tingtin mRNA or protein expression prevents, treats, amelio-
rates, or slows progression of Huntington’s disease.

Certain embodiments provide a method for treating a
human with Huntington’s disease comprising identifying the
human with the disease and administering to the human a
therapeutically effective amount of a compound or composi-
tion as described herein. In certain embodiments, the treat-
ment reduces a symptom selected from the group consisting
of restlessness, lack of coordination, unintentionally initiated
motions, unintentionally uncompleted motions, unsteady
gait, chorea, rigidity, writhing motions, abnormal posturing,
instability, abnormal facial expressions, difficulty chewing,
difficulty swallowing, difficulty speaking, seizure, sleep dis-
turbances, impaired planning, impaired flexibility, impaired
abstract thinking, impaired rule acquisition, impaired initia-
tion of appropriate actions, impaired inhibition of inappro-
priate actions, impaired short-term memory, impaired long-
term memory, paranoia, disorientation, confusion,
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hallucination, dementia, a anxiety, depression, blunted affect,
egocentrisms, aggression, compulsive behavior, irritability,
suicidal ideation, reduced brain mass, muscle atrophy, car-
diac failure, impaired glucose tolerance, weight loss,
osteoporosis, and testicular atrophy.

Further provided is a method for reducing or preventing
Huntington’s disease comprising administering to a human a
therapeutically effective amount compound or composition
as described herein, thereby reducing or preventing Hunting-
ton’s disease.

Further provided is a method for ameliorating a symptom
of Huntington’s disease, comprising administering to a
human in need thereof a compound comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides,
wherein said modified oligonucleotide specifically hybrid-
izes to SEQ ID NO:1, 2, 3, 4 or 5, thereby ameliorating a
symptom of Huntington’s disease in the human.

Further provided is a method for reducing the rate of pro-
gression of a symptom associated with Huntington’s Disease,
comprising administering to a human in need thereof a com-
pound comprising a modified oligonucleotide consisting of
12 to 30 linked nucleosides, wherein said modified oligo-
nucleotide specifically hybridizes to SEQ IDNO: 1, 2, 3,4 or
5, thereby reducing the rate of progression a symptom of
Huntington’s disease in the human.

Further provided is a method for reversing degeneration
indicated by a symptom associated with Huntington’s dis-
ease, administering to a human in need thereof a compound
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides, wherein said modified oligonucleotide
specifically hybridizes to SEQ ID NO:1, 2, 3, 4 or 5, thereby
reversing degeneration indicated by a symptom of Hunting-
ton’s disease in the human.

In certain embodiments, the symptom is a physical, cog-
nitive, psychiatric, or peripheral symptom. In certain embodi-
ments, the symptom is a physical symptom selected from the
group consisting of restlessness, lack of coordination, unin-
tentionally initiated motions, unintentionally uncompleted
motions, unsteady gait, chorea, rigidity, writhing motions,
abnormal posturing, instability, abnormal facial expressions,
difficulty chewing, difficulty swallowing, difficulty speaking,
seizure, and sleep disturbances. In certain embodiments, the
symptom is a cognitive symptom selected from the group
consisting of impaired planning, impaired flexibility,
impaired abstract thinking, impaired rule acquisition,
impaired initiation of appropriate actions, impaired inhibition
of inappropriate actions, impaired short-term memory,
impaired long-term memory, paranoia, disorientation, confu-
sion, hallucination and dementia. In certain embodiments, the
symptom is a psychiatric symptom selected from the group
consisting of anxiety, depression, blunted affect, egocen-
trisms, aggression, compulsive behavior, irritability and sui-
cidal ideation. In certain embodiments, the symptom is a
peripheral symptom selected from the group consisting of
reduced brain mass, muscle atrophy, cardiac failure, impaired
glucose tolerance, weight loss, osteoporosis, and testicular
atrophy.

Also provided are methods and compounds for the prepa-
ration of a medicament for the treatment, prevention, or ame-
lioration of Huntington’s disease.

Certain embodiments provide the use of a compound as
described herein in the manufacture of a medicament for
treating, ameliorating, or preventing Huntington’s disease.

Certain embodiments provide a compound as described
herein for use in treating, preventing, or ameliorating Hun-
tington’s disease as described herein by combination therapy



US 9,273,315 B2

15

with an additional agent or therapy as described herein.
Agents or therapies can be co-administered or administered
concomitantly.

Certain embodiments provide the use of a compound as
described herein in the manufacture of a medicament for
treating, preventing, or ameliorating Huntington’s disease as
described herein by combination therapy with an additional
agent or therapy as described herein. Agents or therapies can
be co-administered or administered concomitantly.

Certain embodiments provide the use of a compound as
described herein in the manufacture of a medicament for
treating, preventing, or ameliorating Huntington’s disease as
described herein in a patient who is subsequently adminis-
tered an additional agent or therapy as described herein.

Certain embodiments provide a kit for treating, preventing,
or ameliorating Huntington’s disease as described herein
wherein the kit comprises:

(1) a compound as described herein; and alternatively
(i) an additional agent or therapy as described herein.

A kit as described herein may further include instructions
for using the kit to treat, prevent, or ameliorate Huntington’s
disease as described herein by combination therapy as
described herein.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12 to 30 linked
nucleosides, wherein the linked nucleosides comprise at least
8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases of a sequence
recited in SEQ ID NO: 6, 9, 10, 11, 12, 13, 14, 15, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,32,33,35, or 36, for use
in treating an animal having a disease or condition associated
with huntingtin by administering to the animal a therapeuti-
cally effective amount of the compound so that expression of
huntingtin is inhibited. In certain embodiments, the disease or
condition is a neurological disorder. In certain embodiments,
the disease or condition is Huntington’s Disease. In certain
embodiments, the animal is a human.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12 to 30 linked
nucleosides, wherein the linked nucleosides comprise at least
8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases of a sequence
recited in SEQ ID NO: 6, 9, 10, 11, 12, 13, 14, 15, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,32,33,35, or 36, for use
in an animal having a disease or condition associated with
huntingtin by administering to the animal a therapeutically
effective amount of the compound to prevent, treat, amelio-
rate, or slow progression of Huntington’s disease.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12 to 30 linked
nucleosides, wherein the linked nucleosides comprise at least
8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases of a sequence
recited in SEQ ID NO: 12, 22, 28, 30, 32, or 33, for use in an
animal having a disease or condition associated with hunting-
tin by administering to the animal a therapeutically effective
amount of the compound so that expression of huntingtin is
inhibited. In certain embodiments, the disease or condition is
a neurological disorder. In certain embodiments, the disease
or condition is Huntington’s Disease. In certain embodi-
ments, the animal is a human.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12 to 30 linked
nucleosides, wherein the linked nucleosides comprise at least
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8, at least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 contiguous nucleobases of a sequence
recited in SEQ ID NO: 12, 22, 28, 30, 32, or 33, for use in an
animal having a disease or condition associated with hunting-
tin by administering to the animal a therapeutically effective
amount of the compound to prevent, treat, ameliorate, or slow
progression of Huntington’s disease.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12-30 linked nucleo-
sides, wherein the linked nucleosides at least an 8, at leasta 9,
at least a 10, at least an 11, at least a 12, at least a 13, at least
al4,atleasta 15, at least a 16, at least a 17, at least a 18, at
least a 19, or at least a 20 contiguous nucleobase portion
complementary within the region selected from nucleotides
4384-4403, 4605-4624, 4607-4626, 4608-4627, 4609-4628,
4610-4629, 4617-4636, 4622-4639, 4813-4832, 4814-4833,
4823-4842, 4860-4877, 4868-4887, 4925-4944, 4928-4947,
4931-4950, 4931-4948, 4955-4974, 4960-4977, 5801-5820,
5809-5828, 5809-5826, 101088-101105, 115066-115085,
4607-4626, 4608-4627, 4609-4628, 4610-4629, 4813-4832,
4862-4881, 5809-5828 and 4928-4947 of SEQ ID NO: 1, for
use in an animal having a disease or condition associated with
huntingtin by administering to the animal a therapeutically
effective amount of the compound so that expression of hun-
tingtin is inhibited.

Certain embodiments provide compounds comprising a
modified oligonucleotide consisting of 12-30 linked nucleo-
sides, wherein the linked nucleosides comprise at least an 8,
atleasta 9, at least a 10, at least an 11, at leasta 12, at least a
13, atleasta 14, atleasta 15, atleasta 16, at leasta 17, at least
a 18, at least a 19, or at least a 20 contiguous nucleobase
portion complementary within the region selected from
nucleotides 4384-4403, 4605-4624, 4607-4626, 4608-4627,
4609-4628, 4610-4629, 4617-4636, 4622-4639, 4813-4832,
4814-4833, 4823-4842, 4860-4877, 4868-4887, 4925-4944,
4928-4947, 4931-4950, 4931-4948, 4955-4974, 4960-4977,
5801-5820, 5809-5828, 5809-5826, 101088-101105,
115066-115085, 4607-4626, 4608-4627, 4609-4628, 4610-
4629, 4813-4832, 4862-4881, 5809-5828 and 4928-4947 of
SEQ ID NO: 1, for use in an animal having a disease or
condition associated with huntingtin by administering to the
animal a therapeutically effective amount of the compound to
prevent, treat, ameliorate, or slow progression of Hunting-
ton’s disease.

Antisense Compounds

Oligomeric compounds include, but are not limited to,
oligonucleotides, oligonucleosides, oligonucleotide analogs,
oligonucleotide mimetics, antisense compounds, antisense
oligonucleotides, and siRNAs. An oligomeric compound
may be “antisense” to a target nucleic acid, meaning that is
capable of undergoing hybridization to a target nucleic acid
through hydrogen bonding.

In certain embodiments, an antisense compound has a
nucleobase sequence that, when written in the 5' to 3' direc-
tion, comprises the reverse complement of the target segment
of'a target nucleic acid to which it is targeted. In certain such
embodiments, an antisense oligonucleotide has a nucleobase
sequence that, when written in the 5' to 3' direction, comprises
the reverse complement of the target segment of a target
nucleic acid to which it is targeted.

In certain embodiments, an antisense compound targeted
to a huntingtin nucleic acid is 12 to 30 nucleotides in length.
In other words, antisense compounds are from 12 to 30 linked
nucleobases. In other embodiments, the antisense compound
comprises a modified oligonucleotide consisting of 8 to 80,
1210 50, 15t0 30, 18 to 24, 19 to 22, or 20 linked nucleobases.
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In certain such embodiments, the antisense compound com-
prises a modified oligonucleotide consisting of 8, 9, 10, 11,
12,13,14,15,16,17,18,19, 20,21, 22,23, 24,25, 26,27, 28,
29,30,31,32,33,34,35,36,37,38,39,40,41,42, 43,44, 45,
46,47,48,49,50,51,52,53, 54, 55,56,57,58, 59, 60,61, 62,
63, 64,65, 66,67,68,69,70,71,72,73,74,75,76,77,78, 79,
or 80 linked nucleobasis in length, or a range defined by any
two of the above values.

In certain embodiments, the antisense compound com-
prises a shortened or truncated modified oligonucleotide. The
shortened or truncated modified oligonucleotide can have a
single nucleoside deleted from the 5' end (5' truncation), or
alternatively from the 3' end f' truncation). A shortened or
truncated oligonucleotide may have two nucleosides deleted
from the 5' end, or alternatively may have two subunits
deleted from the 3' end. Alternatively, the deleted nucleosides
may be dispersed throughout the modified oligonucleotide,
for example, in an antisense compound having one nucleo-
side deleted from the 5' end and one nucleoside deleted from
the 3' end.

When a single additional nucleoside is present in a length-
ened oligonucletide, the additional nucleoside may be located
at the 5' or 3' end of the oligonucleotide. When two or more
additional nucleosides are present, the added nucleosides
may be adjacent to each other, for example, in an oligonucle-
otide having two nucleosides added to the 5' end (5' addition),
or alternatively to the 3' end (3' addition), of the oligonucle-
otide. Alternatively, the added nucleoside may be dispersed
throughout the antisense compound, for example, in an oli-
gonucleotide having one nucleoside added to the 5' end and
one subunit added to the 3' end.

It is possible to increase or decrease the length of an anti-
sense compound, such as an antisense oligonucleotide, and/or
introduce mismatch bases without eliminating activity. For
example, in Woolfet al. (Proc. Natl. Acad. Sci. USA 89:7305-
7309, 1992), a series of antisense oligonucleotides 13-25
nucleobases in length were tested for their ability to induce
cleavage of a target RNA in an oocyte injection model. Anti-
sense oligonucleotides 25 nucleobases in length with 8 or 11
mismatch bases near the ends of the antisense oligonucle-
otides were able to direct specific cleavage of the target
mRNA, albeit to a lesser extent than the antisense oligonucle-
otides that contained no mismatches. Similarly, target spe-
cific cleavage was achieved using 13 nucleobase antisense
oligonucleotides, including those with 1 or 3 mismatches.

Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March
2001) demonstrated the ability of an oligonucleotide having
100% complementarity to the bcl-2 mRNA and having 3
mismatches to the bcl-xL. mRNA to reduce the expression of
both bel-2 and bel-xL in vitro and in vivo. Furthermore, this
oligonucleotide demonstrated potent anti-tumor activity in
vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358, 1988)
tested a series of tandem 14 nucleobase antisense oligonucle-
otides, and a 28 and 42 nucleobase antisense oligonucleotides
comprised of the sequence of two or three of the tandem
antisense oligonucleotides, respectively, for their ability to
arrest translation of human DHFR in a rabbit reticulocyte
assay. Each of the three 14 nucleobase antisense oligonucle-
otides alone was able to inhibit translation, albeit at a more
modest level than the 28 or 42 nucleobase antisense oligo-
nucleotides.

Antisense Compound Motifs

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid have chemically modified subunits
arranged in patterns, or motifs, to confer to the antisense
compounds properties such as enhanced the inhibitory activ-
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ity, increased binding affinity for a target nucleic acid, or
resistance to degradation by in vivo nucleases.

Chimeric antisense compounds typically contain at least
one region modified so as to confer increased resistance to
nuclease degradation, increased cellular uptake, increased
binding affinity for the target nucleic acid, and/or increased
inhibitory activity. A second region of a chimeric antisense
compound may optionally serve as a substrate for the cellular
endonuclease RNase H, which cleaves the RNA strand of an
RNA:DNA duplex.

Antisense compounds having a gapmer motif are consid-
ered chimeric antisense compounds. In a gapmer an internal
region having a plurality of nucleotides that supports RNaseH
cleavage is positioned between external regions having a
plurality of nucleotides that are chemically distinct from the
nucleosides of the internal region. In the case of an antisense
oligonucleotide having a gapmer motif, the gap segment gen-
erally serves as the substrate for endonuclease cleavage,
while the wing segments comprise modified nucleosides. In
certain embodiments, the regions of a gapmer are differenti-
ated by the types of sugar moieties comprising each distinct
region. The types of sugar moieties that are used to differen-
tiate the regions of a gapmer may in some embodiments
include f-D-ribonucleosides, p-D-deoxyribonucleosides,
2'-modified nucleosides (such 2'-modified nucleosides may
include 2'-MOE, and 2'-O—CH,;, among others), and bicy-
clic sugar modified nucleosides (such bicyclic sugar modified
nucleosides may include those having a 4'-(CH2)n-O-2'
bridge, where n=1 or n=2). Preferably, each distinct region
comprises uniform sugar moieties. The wing-gap-wing motif
is frequently described as “X-Y-Z”, where “X” represents the
length of the 5' wing region, “Y” represents the length of the
gap region, and “Z” represents the length of the 3' wing
region. As used herein, a gapmer described as “X-Y-Z"has a
configuration such that the gap segment is positioned imme-
diately adjacent each of the 5' wing segment and the 3' wing
segment. Thus, no intervening nucleotides exist between the
5'wing segment and gap segment, or the gap segment and the
3' wing segment. Any of the antisense compounds described
herein can have a gapmer motif. In some embodiments, X and
Z are the same, in other embodiments they are different. In a
preferred embodiment, Y is between 8 and 15 nucleotides. X,
YorZcanbeanyofl,2,3,4,5,6,7,8,9,10,11, 12,13, 14,
15, 16, 17, 18, 19, 20, 25, 30 or more nucleotides. Thus,
gapmers include, but are not limited to, for example 5-10-5,
4-8-4,4-12-3,4-12-4,3-14-3,2-13-5,2-16-2, 1-18-1, 3-10-3,
2-10-2, 1-10-1, 2-8-2, 6-8-6 or 5-8-5.

In certain embodiments, the antisense compound as a
“wingmer” motif, having a wing-gap or gap-wing configura-
tion, i.e. an X-Y or Y-Z configuration as described above for
the gapmer configuration. Thus, wingmer configurations
include, but are not limited to, for example 5-10, 8-4, 4-12,
12-4,3-14, 16-2, 18-1, 10-3, 2-10, 1-10, 8-2, 2-13, or 5-13.

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid possess a 5-10-5 gapmer motif.

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid possess a 6-8-6 gapmer motif.

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid possess a 5-8-5 gapmer motif.

In certain embodiments, an antisense compound targeted
to a huntingtin nucleic acid has a gap-widened motif.

In certain embodiments, a gap-widened antisense oligo-
nucleotide targeted to a huntingtin nucleic acid has a gap
segment often 2'-deoxyribonucleotides positioned immedi-
ately adjacent to and between wing segments of five chemi-
cally modified nucleosides. In certain embodiments, the
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chemical modification comprises a 2'-sugar modification. In
another embodiment, the chemical modification comprises a
2'-MOE sugar modification.

In certain embodiments, a gap-widened antisense oligo-
nucleotide targeted to a huntingtin nucleic acid has a gap
segment of eight 2'-deoxyribonucleotides positioned imme-
diately adjacent to and between wing segments of five chemi-
cally modified nucleosides. In certain embodiments, the
chemical modification comprises a 2'-sugar modification. In
another embodiment, the chemical modification comprises a
2'-MOE sugar modification.

In certain embodiments, a gap-widened antisense oligo-
nucleotide targeted to a huntingtin nucleic acid has a gap
segment of eight 2'-deoxyribonucleotides positioned imme-
diately adjacent to and between wing segments of six chemi-
cally modified nucleosides. In certain embodiments, the
chemical modification comprises a 2'-sugar modification. In
another embodiment, the chemical modification comprises a
2'-MOE sugar modification.

Target Nucleic Acids, Target Regions and Nucleotide
Sequences

Nucleotide sequences that encode huntingtin include,
without limitation, the following: GENBANK Accession No.
NM__002111.6, first deposited with GENBANK® on May
31, 2006 incorporated herein as SEQ ID NO: 1; GENBANK
Accession No. NT__006081.17 truncated from nucleotides
46200010 634000, first deposited with GENBANK® on Aug.
19, 2004, and incorporated herein as SEQ ID NO: 2; GEN-
BANK Accession No. NM__010414.1, first deposited with
GENBANK® on Mar. 23, 2004, incorporated herein as SEQ
ID NO: 3; the complement of GENBANK Accession No.
NW_001109716.1 truncated at nucleotides 698000 to
866000, first deposited with GENBANK® on Jun. 14, 2006,
incorporated herein as SEQ ID NO: 4, and GENBANK
Accession No. NM_ 024357.2, first deposited with GEN-
BANK® on Jun. 5, 2008, incorporated herein as SEQ ID NO:
5.

It is understood that the sequence set forth in each SEQ ID
NO in the Examples contained herein is independent of any
modification to a sugar moiety, an internucleoside linkage, or
a nucleobase. As such, antisense compounds defined by a
SEQ ID NO may comprise, independently, one or more modi-
fications to a sugar moiety, an internucleoside linkage, or a
nucleobase. Antisense compounds described by Isis Number
(Isis No) indicate a combination of nucleobase sequence and
motif.

In certain embodiments, a target region is a structurally
defined region of the target nucleic acid. For example, a target
region may encompass a3' UTR, a 5' UTR, an exon, an intron,
an exon/intron junction, a coding region, a translation initia-
tion region, translation termination region, or other defined
nucleic acid region. The structurally defined regions for hun-
tingtin can be obtained by accession number from sequence
databases such as NCBI and such information is incorporated
herein by reference. In certain embodiments, a target region
may encompass the sequence from a 5' target site of one target
segment within the target region to a 3' target site of another
target segment within the target region.

Targeting includes determination of at least one target seg-
ment to which an antisense compound hybridizes, such that a
desired effect occurs. In certain embodiments, the desired
effect is a reduction in mRNA target nucleic acid levels. In
certain embodiments, the desired effect is reduction of levels
of protein encoded by the target nucleic acid or a phenotypic
change associated with the target nucleic acid.

A target region may contain one or more target segments.
Multiple target segments within a target region may be over-
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lapping. Alternatively, they may be non-overlapping. In cer-
tain embodiments, target segments within a target region are
separated by no more than about 300 nucleotides. In certain
embodiments, target segments within a target region are sepa-
rated by a number of nucleotides that is, is about, is no more
than, is no more than about, 250, 200, 150, 100, 90, 80, 70, 60,
50, 40, 30, 20, or 10 nucleotides on the target nucleic acid, or
is a range defined by any two of the preceding values. In
certain embodiments, target segments within a target region
are separated by no more than, or no more than about, 5
nucleotides on the target nucleic acid. In certain embodi-
ments, target segments are contiguous. Contemplated are tar-
get regions defined by a range having a starting nucleic acid
that is any of the 5' target sites or 3' target sites listed herein.

Suitable target segments may be found within a 5' UTR, a
coding region, a 3' UTR, an intron, an exon, or an exon/intron
junction. Target segments containing a start codon or a stop
codon are also suitable target segments. A suitable target
segment may specifically exclude a certain structurally
defined region such as the start codon or stop codon.

The determination of suitable target segments may include
a comparison of the sequence of a target nucleic acid to other
sequences throughout the genome. For example, the BLAST
algorithm may be used to identify regions of similarity
amongst different nucleic acids. This comparison can prevent
the selection of antisense compound sequences that may
hybridize in a non-specific manner to sequences other than a
selected target nucleic acid (i.e., non-target or off-target
sequences).

There may be variation in activity (e.g., as defined by
percent reduction of target nucleic acid levels) of the anti-
sense compounds within an active target region. In certain
embodiments, reductions in huntingtin mRNA levels are
indicative of inhibition of huntingtin expression. Reductions
in levels of a huntingtin protein are also indicative of inhibi-
tion of target mRNA expression. Further, phenotypic changes
are indicative of inhibition of huntingtin expression. For
example, increase in brain size to normal, improvement in
motor coordination, decrease in continual muscular spasms
(dystonia), decrease in irritability and/or anxiety, improve-
ment of memory, or an increase in energy, among other phe-
notypic changes that may be assayed. Other phenotypic indi-
cations, e.g., symptoms associated with Huntington’s
disease, may also be assessed as described below.
Hybridization

In some embodiments, hybridization occurs between an
antisense compound disclosed herein and a huntingtin
nucleic acid. The most common mechanism of hybridization
involves hydrogen bonding (e.g., Watson-Crick, Hoogsteen
or reversed Hoogsteen hydrogen bonding) between comple-
mentary nucleobases of the nucleic acid molecules.

Hybridization can occur under varying conditions. Strin-
gent conditions are sequence-dependent and are determined
by the nature and composition of the nucleic acid molecules
to be hybridized.

Methods of determining whether a sequence is specifically
hybridizable to a target nucleic acid are well known in the art.
In certain embodiments, the antisense compounds provided
herein are specifically hybridizable with a huntingtin nucleic
acid.

Complementarity

An antisense compound and a target nucleic acid are
complementary to each other when a sufficient number of
nucleobases of the antisense compound can hydrogen bond
with the corresponding nucleobases of the target nucleic acid,
such that a desired effect will occur (e.g., antisense inhibition
of a target nucleic acid, such as a huntingtin nucleic acid).
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An antisense compound may hybridize over one or more
segments of a huntingtin nucleic acid such that intervening or
adjacent segments are not involved in the hybridization event
(e.g., a loop structure, mismatch or hairpin structure).

In certain embodiments, the antisense compounds pro-
vided herein, or a specified portion thereof, are, or are atleast,
70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% comple-
mentary to a huntingtin nucleic acid, a target region, target
segment, or specified portion thereof. Percent complementa-
rity of an antisense compound with a target nucleic acid can
be determined using routine methods.

For example, an antisense compound in which 18 of 20
nucleobases of the antisense compound are complementary
to a target region, and would therefore specifically hybridize,
would represent 90 percent complementarity. In this
example, the remaining noncomplementary nucleobases may
be clustered or interspersed with complementary nucleobases
and need not be contiguous to each other or to complementary
nucleobases. As such, an antisense compound which is 18
nucleobases in length having 4 (four) noncomplementary
nucleobases which are flanked by two regions of complete
complementarity with the target nucleic acid would have
77.8% overall complementarity with the target nucleic acid
and would thus fall within the scope of the present invention.
Percent complementarity of an antisense compound with a
region of a target nucleic acid can be determined routinely
using BLAST programs (basic local alignment search tools)
and PowerBLAST programs known in the art (Altschul et al.,
J. Mol. Biol., 1990, 215, 403 410; Zhang and Madden,
Genome Res., 1997, 7, 649 656). Percent homology,
sequence identity or complementarity, can be determined by,
for example, the Gap program (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Genetics Computer Group, Uni-
versity Research Park, Madison Wis.), using default settings,
which uses the algorithm of Smith and Waterman (Adv. Appl.
Math., 1981, 2, 482 489).

In certain embodiments, the antisense compounds pro-
vided herein, or specified portions thereof, are fully comple-
mentary (i.e. 100% complementary) to a target nucleic acid,
or specified portion thereof. For example, antisense com-
pound may be fully complementary to a huntingtin nucleic
acid, or a target region, or a target segment or target sequence
thereof. As used herein, “fully complementary”” means each
nucleobase of an antisense compound is capable of precise
base pairing with the corresponding nucleobases of a target
nucleic acid. For example, a 20 nucleobase antisense com-
pound is fully complementary to a target sequence that is 400
nucleobases long, so long as there is a corresponding 20
nucleobase portion of the target nucleic acid that is fully
complementary to the antisense compound. Fully comple-
mentary can also be used in reference to a specified portion of
the first and/or the second nucleic acid. For example, a 20
nucleobase portion of a 30 nucleobase antisense compound
can be “fully complementary” to a target sequence that is 400
nucleobases long. The 20 nucleobase portion of the 30
nucleobase oligonucleotide is fully complementary to the
target sequence if the target sequence has a corresponding 20
nucleobase portion wherein each nucleobase is complemen-
tary to the 20 nucleobase portion of the antisense compound.
At the same time, the entire 30 nucleobase antisense com-
pound may or may not be fully complementary to the target
sequence, depending on whether the remaining 10 nucleo-
bases of the antisense compound are also complementary to
the target sequence.

The location of a non-complementary nucleobase may be
at the 5' end or 3' end of the antisense compound. Alterna-
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tively, the non-complementary nucleobase or nucleobases
may be at an internal position of the antisense compound.
When two or more non-complementary nucleobases are
present, they may be contiguous (i.e. linked) or non-contigu-
ous. In one embodiment, a non-complementary nucleobase is
located in the wing segment of a gapmer antisense oligo-
nucleotide.

In certain embodiments, antisense compounds that are, or
are up to 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleobases in
length comprise no more than 4, no more than 3, no more than
2, or no more than 1 non-complementary nucleobase(s) rela-
tive to a target nucleic acid, such as a huntingtin nucleic acid,
or specified portion thereof.

In certain embodiments, antisense compounds that are, or
areupto 12,13, 14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, or 30 nucleobases in length comprise no more
than 6, no more than 5, no more than 4, no more than 3, no
more than 2, or no more than 1 non-complementary nucleo-
base(s) relative to a target nucleic acid, such as a huntingtin
nucleic acid, or specified portion thereof.

The antisense compounds provided herein also include
those which are complementary to a portion of a target
nucleic acid. As used herein, “portion” refers to a defined
number of contiguous (i.e. linked) nucleobases within a
region or segment of a target nucleic acid. A “portion” can
also refer to a defined number of contiguous nucleobases of
an antisense compound. In certain embodiments, the anti-
sense compounds, are complementary to at least an 8 nucleo-
base portion of a target segment. In certain embodiments, the
antisense compounds are complementary to at least a 12
nucleobase portion of a target segment. In certain embodi-
ments, the antisense compounds are complementary to at
least a 15 nucleobase portion of a target segment. Also con-
templated are antisense compounds that are complementary
toatleasta9,10,11,12,13,14,15,16,17, 18, 19, 20, or more
nucleobase portion of a target segment, or a range defined by
any two of these values.

Identity

The antisense compounds provided herein may also have a
defined percent identity to a particular nucleotide sequence,
SEQ ID NO, or compound represented by a specific Isis
number, or portion thereof. As used herein, an antisense com-
pound is identical to the sequence disclosed herein if it has the
same nucleobase pairing ability. For example, a RNA which
contains uracil in place of thymidine in a disclosed DNA
sequence would be considered identical to the DNA sequence
since both uracil and thymidine pair with adenine. Shortened
and lengthened versions of the antisense compounds
described herein as well as compounds having non-identical
bases relative to the antisense compounds provided herein
also are contemplated. The non-identical bases may be adja-
cent to each other or dispersed throughout the antisense com-
pound. Percent identity of an antisense compound is calcu-
lated according to the number of bases that have identical
base pairing relative to the sequence to which it is being
compared.

In certain embodiments, the antisense compounds, or por-
tions thereof, are at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99% or 100% identical to one or more of the
antisense compounds or SEQ ID NOs, or a portion thereof,
disclosed herein.

Modifications

A nucleoside is a base-sugar combination. The nucleobase
(also known as base) portion of the nucleoside is normally a
heterocyclic base moiety. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the
sugar portion of the nucleoside. For those nucleosides that
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include a pentofuranosyl sugar, the phosphate group can be
linked to the 2', 3' or 5" hydroxyl moiety of the sugar. Oligo-
nucleotides are formed through the covalent linkage of adja-
cent nucleosides to one another, to form a linear polymeric
oligonucleotide. Within the oligonucleotide structure, the
phosphate groups are commonly referred to as forming the
internucleoside linkages of the oligonucleotide.

Modifications to antisense compounds encompass substi-
tutions or changes to internucleoside linkages, sugar moi-
eties, or nucleobases. Modified antisense compounds are
often preferred over native forms because of desirable prop-
erties such as, for example, enhanced cellular uptake,
enhanced affinity for nucleic acid target, increased stability in
the presence of nucleases, or increased inhibitory activity.

Chemically modified nucleosides may also be employed to
increase the binding affinity of a shortened or truncated anti-
sense oligonucleotide for its target nucleic acid. Conse-
quently, comparable results can often be obtained with
shorter antisense compounds that have such chemically
modified nucleosides.

Modified Internucleoside Linkages

The naturally occurring internucleoside linkage of RNA
and DNA is a 3' to 5' phosphodiester linkage. Antisense
compounds having one or more modified, i.e. non-naturally
occurring, internucleoside linkages are often selected over
antisense compounds having naturally occurring internucleo-
side linkages because of desirable properties such as, for
example, enhanced cellular uptake, enhanced affinity for tar-
get nucleic acids, and increased stability in the presence of
nucleases.

Oligonucleotides having modified internucleoside link-
ages include internucleoside linkages that retain a phospho-
rus atom as well as internucleoside linkages that do not have
a phosphorus atom. Representative phosphorus containing
internucleoside linkages include, but are not limited to, phos-
phodiesters, phosphotriesters, methylphosphonates, phos-
phoramidate, and phosphorothioates. Methods of preparation
of'phosphorous-containing and non-phosphorous-containing
linkages are well known.

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid comprise one or more modified inter-
nucleoside linkages. In certain embodiments, the modified
internucleoside linkages are phosphorothioate linkages. In
certain embodiments, each internucleoside linkage of an anti-
sense compound is a phosphorothioate internucleoside link-
age.

Modified Sugar Moieties

Antisense compounds can optionally contain one or more
nucleosides wherein the sugar group has been modified. Such
sugar modified nucleosides may impart enhanced nuclease
stability, increased binding affinity or some other beneficial
biological property to the antisense compounds. In certain
embodiments, nucleosides comprise a chemically modified
ribofuranose ring moieties. Examples of chemically modified
ribofuranose rings include without limitation, addition of
substitutent groups (including 5' and 2' substituent groups,
bridging of non-geminal ring atoms to form bicyclic nucleic
acids (BNA), replacement of the ribosyl ring oxygen atom
with S, N(R), or C(R1)(R)2 (R—H, C1-C12 alkyl or a pro-
tecting group) and combinations thereof. Examples of chemi-
cally modified sugars include 2'-F-5'-methyl substituted
nucleoside (see PCT International Application WO 2008/
101157 Published on Aug. 21, 2008 for other disclosed 5',2'-
bis substituted nucleosides) or replacement of the ribosyl ring
oxygen atom with S with further substitution at the 2'-position
(see published U.S. Patent Application US2005-0130923,
published on Jun. 16, 2005) or alternatively 5'-substitution of
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a BNA (see PCT International Application WO 2007/134181
Published on Nov. 22, 2007 wherein LNA is substituted with
for example a 5'-methyl or a 5'-vinyl group).

Examples of nucleosides having modified sugar moieties
include without limitation nucleosides comprising 5'-vinyl,
5'-methyl (R or S), 4'-S, 2'-F, 2'-OCH3 and 2'-O(CH2)20CH3
substituent groups. The substituent at the 2' position can also
be selected from allyl, amino, azido, thio, O-allyl, O—CI1-
C10 alkyl, OCF3, O(CH2)2SCH3, O(CH2)2-O—N(Rm)
(Rn), and O—CH2-C(—0)—N(Rm)(Rn), where each Rm
and Rn is, independently, H or substituted or unsubstituted
C1-C10 alkyl.

Examples of bicyclic nucleic acids (BNAs) include with-
out limitation nucleosides comprising a bridge between the 4'
and the 2' ribosyl ring atoms. In certain embodiments, anti-
sense compounds provided herein include one or more BNA
nucleosides wherein the bridge comprises one of the formu-
las: 4'-(CH2)-0-2' (LNA); 4'-(CH2)-S-2; 4'-(CH2)-O-2'
(LNA); 4'-(CH2)2-0-2' (ENA); 4'-C(CH3)2-O-2' (see PCT/
US2008/068922);  4-CH(CH3)-0-2' and 4-C—H
(CH20CH3)-0-2' (see U.S. Pat. No. 7,399,845, issued on Jul.
15, 2008); 4'-CH2-N(OCH3)-2' (see PCT/US2008/064591);
4'-CH2-O—N(CH3)-2' (see published U.S. Patent Applica-
tion US2004-0171570, published Sep. 2, 2004); 4'-CH2-N
(R)—0-2' (see U.S. Pat. No. 7,427,672, issued on Sep. 23,
2008); 4'-CH2-C(CH3)-2' and 4'-CH2-C-(—CH2)-2' (see
PCT/US2008/066154); and wherein R is, independently, H,
C1-C12 alkyl, or a protecting group. Each of the foregoing
BNAs include various stereochemical sugar configurations
including for example a-L-ribofuranose and p-D-ribofura-
nose (see PCT international application PCT/DK98/00393,
published on Mar. 25, 1999 as WO 99/14226).

In certain embodiments, nucleosides are modified by
replacement of the ribosyl ring with a sugar surrogate. Such
modification includes without limitation, replacement of the
ribosyl ring with a surrogate ring system (sometimes referred
to as DNA analogs) such as a morpholino ring, a cyclohexenyl
ring, a cyclohexyl ring or a tetrahydropyranyl ring such as one
having one of the formula:

-

HO® Bx

Many other bicyclo and tricyclo sugar surrogate ring sys-
tems are also known in the art that can be used to modify
nucleosides for incorporation into antisense compounds (see,
e.g., review article: Leumann, J. C, Bioorganic & Medicinal
Chemistry, 2002, 10, 841-854). Such ring systems can
undergo various additional substitutions to enhance activity.

Methods for the preparations of modified sugars are well
known to those skilled in the art.

In nucleotides having modified sugar moieties, the nucleo-
base moieties (natural, modified or a combination thereof) are
maintained for hybridization with an appropriate nucleic acid
target.

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid comprise one or more nucleotides
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having modified sugar moieties. In certain embodiments, the
modified sugar moiety is 2'-MOE. In certain embodiments,
the 2'-MOE modified nucleotides are arranged in a gapmer
motif.

Modified Nucleobases

Nucleobase (or base) modifications or substitutions are
structurally distinguishable from, yet functionally inter-
changeable with, naturally occurring or synthetic unmodified
nucleobases. Both natural and modified nucleobases are
capable of participating in hydrogen bonding. Such nucleo-
base modifications may impart nuclease stability, binding
affinity or some other beneficial biological property to anti-
sense compounds. Modified nucleobases include synthetic
and natural nucleobases such as, for example, 5-methylcy-
tosine (5-me-C). Certain nucleobase substitutions, including
S-methylcytosine substitutions, are particularly useful for
increasing the binding affinity of an antisense compound for
a target nucleic acid. For example, 5-methylcytosine substi-
tutions have been shown to increase nucleic acid duplex sta-
bility by 0.6-1.2° C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu,
B., eds., Antisense Research and Applications, CRC Press,
Boca Raton, 1993, pp. 276-278).

Additional unmodified nucleobases include 5-hydroxym-
ethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine,
6-methyl and other alkyl derivatives of adenine and guanine,
2-propyl and other alkyl derivatives of adenine and guanine,
2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil
and cytosine, 5-propynyl (—C=C—CH,) uracil and
cytosine and other alkynyl derivatives of pyrimidine bases,
6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy-
droxyl and other 8-substituted adenines and guanines, 5-halo
particularly 5-bromo, 5-trifluoromethyl and other 5-substi-
tuted uracils and cytosines, 7-methylguanine and 7-methy-
ladenine, 2-F-adenine, 2-amino-adenine, 8-azaguanine and
8-azaadenine, 7-deazaguanine and 7-deazaadenine and
3-deazaguanine and 3-deazaadenine.

Heterocyclic base moieties may also include those in
which the purine or pyrimidine base is replaced with other
heterocycles, for example 7-deaza-adenine, 7-deazagua-
nosine, 2-aminopyridine and 2-pyridone. Nucleobases that
are particularly useful for increasing the binding affinity of
antisense compounds include S-substituted pyrimidines,
6-azapyrimidines and N-2, N-6 and 0-6 substituted purines,
including 2 aminopropyladenine, 5-propynyluracil and
S-propynylcytosine.

In certain embodiments, antisense compounds targeted to a
huntingtin nucleic acid comprise one or more modified
nucleobases. In certain embodiments, gap-widened antisense
oligonucleotides targeted to a huntingtin nucleic acid com-
prise one or more modified nucleobases. In certain embodi-
ments, the modified nucleobase is 5-methylcytosine. In cer-
tain embodiments, each cytosine is a 5S-methylcytosine.
Compositions and Methods for Formulating Pharmaceutical
Compositions

Antisense oligonucleotides may be admixed with pharma-
ceutically acceptable active or inert substance for the prepa-
ration of pharmaceutical compositions or formulations. Com-
positions and methods for the formulation of pharmaceutical
compositions are dependent upon a number of criteria,
including, but not limited to, route of administration, extent of
disease, or dose to be administered.

Antisense compound targeted to a huntingtin nucleic acid
can be utilized in pharmaceutical compositions by combining
the antisense compound with a suitable pharmaceutically
acceptable diluent or carrier. A pharmaceutically acceptable
diluent includes phosphate-buffered saline (PBS). PBS is a
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diluent suitable for use in compositions to be delivered
parenterally. Accordingly, in one embodiment, employed in
the methods described herein is a pharmaceutical composi-
tion comprising an antisense compound targeted to a hunting-
tin nucleic acid and a pharmaceutically acceptable diluent. In
certain embodiments, the pharmaceutically acceptable dilu-
ent is PBS. In certain embodiments, the antisense compound
is an antisense oligonucleotide.

Pharmaceutical compositions comprising antisense com-
pounds encompass any pharmaceutically acceptable salts,
esters, or salts of such esters, or any other oligonucleotide
which, upon administration to an animal, including a human,
is capable of providing (directly or indirectly) the biologi-
cally active metabolite or residue thereof. Accordingly, for
example, the disclosure is also drawn to pharmaceutically
acceptable salts of antisense compounds, prodrugs, pharma-
ceutically acceptable salts of such prodrugs, and other
bioequivalents. Suitable pharmaceutically acceptable salts
include, but are not limited to, sodium and potassium salts.

A prodrug can include the incorporation of additional
nucleosides at one or both ends of an antisense compound
which are cleaved by endogenous nucleases within the body,
to form the active antisense compound.

Conjugated Antisense Compounds

Antisense compounds may be covalently linked to one or
more moieties or conjugates which enhance the activity, cel-
Iular distribution or cellular uptake of the resulting antisense
oligonucleotides. Typical conjugate groups include choles-
terol moieties and lipid moieties. Additional conjugate
groups include carbohydrates, phospholipids, biotin, phena-
zine, folate, phenanthridine, anthraquinone, acridine, fluores-
ceins, rhodamines, coumarins, and dyes.

Antisense compounds can also be modified to have one or
more stabilizing groups that are generally attached to one or
both termini of antisense compounds to enhance properties
such as, for example, nuclease stability. Included in stabiliz-
ing groups are cap structures. These terminal modifications
protect the antisense compound having terminal nucleic acid
from exonuclease degradation, and can help in delivery and/
or localization within a cell. The cap can be present at the
S'-terminus (5'-cap), or at the 3'-terminus f'-cap), or can be
present on both termini. Cap structures are well known in the
art and include, for example, inverted deoxy abasic caps.
Further 3' and 5'-stabilizing groups that can be used to cap one
or both ends of an antisense compound to impart nuclease
stability include those disclosed in WO 03/004602 published
on Jan. 16, 2003.

Cell Culture and Antisense Compounds Treatment

The effects of antisense compounds on the level, activity or
expression of huntingtin nucleic acids can be tested in vitro in
a variety of cell types. Cell types used for such analyses are
available from commercial vendors (e.g. American Type Cul-
ture Collection, Manassas, Va.; Zen-Bio, Inc., Research Tri-
angle Park, N.C.; Clonetics Corporation, Walkersville, Md.)
and cells are cultured according to the vendor’s instructions
using commercially available reagents (e.g. Invitrogen Life
Technologies, Carlsbad, Calif.). Illustrative cell types
include, but are not limited to, HepG2 cells, Hep3B cells,
primary hepatocytes, A549 cells, GM04281 fibroblasts and
LLC-MK2 cells.

In Vitro Testing of Antisense Oligonucleotides

Described herein are methods for treatment of cells with
antisense oligonucleotides, which can be modified appropri-
ately for treatment with other antisense compounds.

In general, cells are treated with antisense oligonucleotides
when the cells reach approximately 60-80% confluence in
culture.
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One reagent commonly used to introduce antisense oligo-
nucleotides into cultured cells includes the cationic lipid
transfection reagent LIPOFECTIN® (Invitrogen, Carlsbad,
Calif.). Antisense oligonucleotides are mixed with LIPO-
FECTIN® in OPTI-MEM® 1 (Invitrogen, Carlsbad, Calif.)
to achieve the desired final concentration of antisense oligo-
nucleotide and a LIPOFECTIN® concentration that typically
ranges 2 to 12 ug/mL per 100 nM antisense oligonucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes LIPOFECTAMINE 2000®
(Invitrogen, Carlsbad, Calif.). Antisense oligonucleotide is
mixed with LIPOFECTAMINE 2000® in OPTI-MEM® 1
reduced serum medium (Invitrogen, Carlsbad, Calif.) to
achieve the desired concentration of antisense oligonucle-
otide and a LIPOFECTAMINE® concentration that typically
ranges 2 to 12 ug/mL per 100 nM antisense oligonucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes Cytofectin® (Invitrogen,
Carlsbad, Calif.). Antisense oligonucleotide is mixed with
Cytofectin® in OPTI-MEM® 1 reduced serum medium (In-
vitrogen, Carlsbad, Calif.) to achieve the desired concentra-
tion of antisense oligonucleotide and a Cytofectin® concen-
tration that typically ranges 2 to 12 ug/mL per 100 nM
antisense oligonucleotide.

Another technique used to introduce antisense oligonucle-
otides into cultured cells includes electroporation.

Cells are treated with antisense oligonucleotides by routine
methods. Cells are typically harvested 16-24 hours after anti-
sense oligonucleotide treatment, at which time RNA or pro-
tein levels of target nucleic acids are measured by methods
known in the art and described herein. In general, when
treatments are performed in multiple replicates, the data are
presented as the average of the replicate treatments.

The concentration of antisense oligonucleotide used varies
from cell line to cell line. Methods to determine the optimal
antisense oligonucleotide concentration for a particular cell
line are well known in the art. Antisense oligonucleotides are
typically used at concentrations ranging from 1 nM to 300 nM
when transfected with LIPOFECTAMINE2000®, Lipofectin
or Cytofectin. Antisense oligonucleotides are used at higher
concentrations ranging from 625 to 20,000 nM when trans-
fected using electroporation.

RNA Isolation

RNA analysis can be performed on total cellular RNA or
poly(A)+mRNA. Methods of RNA isolation are well known
in the art. RNA is prepared using methods well known in the
art, for example, using the TRIZOL® Reagent (Invitrogen,
Carlsbad, Calif.) according to the manufacturer’s recom-
mended protocols.

Analysis of Inhibition of Target Levels or Expression

Inhibition of levels or expression of a huntingtin nucleic
acid can be assayed in a variety of ways known in the art. For
example, target nucleic acid levels can be quantitated by, e.g.,
Northern blot analysis, competitive polymerase chain reac-
tion (PCR), or quantitaive real-time PCR. RNA analysis can
be performed on total cellular RNA or poly(A)+ mRNA.
Methods of RNA isolation are well known in the art. Northern
blot analysis is also routine in the art. Quantitative real-time
PCR can be conveniently accomplished using the commer-
cially available ABI PRISM® 7600, 7700, or 7900 Sequence
Detection System, available from PE-Applied Biosystems,
Foster City, Calif. and used according to manufacturer’s
instructions.

Quantitative Real-Time PCR Analysis of Target RNA Levels

Quantitation of target RNA levels may be accomplished by
quantitative real-time PCR using the ABI PRISM® 7600,
7700, or 7900 Sequence Detection System (PE-Applied Bio-
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systems, Foster City, Calif.) according to manufacturer’s
instructions. Methods of quantitative real-time PCR are well
known in the art.

Prior to real-time PCR, the isolated RNA is subjected to a
reverse transcriptase (RT) reaction, which produces comple-
mentary DNA (cDNA) that is then used as the substrate for
the real-time PCR amplification. The RT and real-time PCR
reactions are performed sequentially in the same sample well.
RT and real-time PCR reagents are obtained from Invitrogen
(Carlsbad, Calif.). RT, real-time-PCR reactions are carried
out by methods well known to those skilled in the art.

Gene (or RNA) target quantities obtained by real time PCR
are normalized using either the expression level of a gene
whose expression is constant, such as cyclophilin A, or by
quantifying total RNA using RIBOGREEN® (Invitrogen,
Inc. Carlsbad, Calif.). Cyclophilin A expression is quantified
by real time PCR, by being run simultaneously with the
target, multiplexing, or separately. Total RNA is quantified
using RIBOGREEN® RNA quantification reagent (Invitro-
gen, Inc. Eugene, Oreg.). Methods of RNA quantification by
RIBOGREEN® are taught in Jones, L. J., et al, (Analytical
Biochemistry, 1998, 265,368-374). A CYTOFLUOR® 4000
instrument (PE Applied Biosystems) is used to measure
RIBOGREEN® fluorescence.

Probes and primers are designed to hybridize to a hunting-
tin nucleic acid. Methods for designing real-time PCR probes
and primers are well known in the art, and may include the use
of'software such as PRIMER EXPRESS® Software (Applied
Biosystems, Foster City, Calif.).

Analysis of Protein Levels

Antisense inhibition of huntingtin nucleic acids can be
assessed by measuring huntingtin protein levels. Protein lev-
els of huntingtin can be evaluated or quantitated in a variety of
ways well known in the art, such as immunoprecipitation,
Western blot analysis (immunoblotting), enzyme-linked
immunosorbent assay (ELISA), quantitative protein assays,
protein activity assays (for example, caspase activity assays),
immunohistochemistry, immunocytochemistry or fluores-
cence-activated cell sorting (FACS). Antibodies directed to a
target can be identified and obtained from a variety of sources,
such as the MSRS catalog of antibodies (Aerie Corporation,
Birmingham, Mich.), or can be prepared via conventional
monoclonal or polyclonal antibody generation methods well
known in the art. Antibodies useful for the detection of human
and rat huntingtin are commercially available.

In Vivo Testing of Antisense Compounds

Antisense compounds, for example, antisense oligonucle-
otides, are tested in animals to assess their ability to inhibit
expression of huntingtin and produce phenotypic changes.
Testing may be performed in normal animals, or in experi-
mental disease models. For administration to animals, anti-
sense oligonucleotides are formulated in a pharmaceutically
acceptable diluent, such as phosphate-buffered saline.
Administration includes parenteral routes of administration.
Following a period of treatment with antisense oligonucle-
otides, RNA is isolated from tissue and changes in huntingtin
nucleic acid expression are measured. Changes in huntingtin
protein levels are also measured.

Certain Compounds

About seventeen hundred newly designed antisense com-
pounds of various lengths, motifs and backbone composition
were tested for their effect on human huntingtin mRNA in
vitro in several cell types. The new compounds were com-
pared with about two hundred and fifty previously designed
compounds including ISIS 387916 which had previously
been determined to be one of the most potent antisense com-
pounds in vitro (see e.g., U.S. Patent Publication Nos. 2008/
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0039418 and 2007/0299027. Of the about seventeen hundred
newly designed antisense compounds, about sixty com-
pounds were selected for further study based on in vitro
potency compared to ISIS 387916. The selected compounds
were tested for systemic tolerability (see Example 3) and
activity and tolerability in the brain of BACHD mice (see
Example 4) compared to previously designed ISIS 388241
and ISIS 387916. From these studies, compounds having a
nucleobase sequence of a sequence recited in SEQ ID NO: 6,
9,10,11,12,13,14, 15,18, 19, 20,21, 23, 24, 25, 26, 27, 28,
29,30,32,33,35,36,10,11,12,13, 18,22 or32 were selected
as having high tolerability and high in vivo potency. By virtue
of their complementary sequence, the compounds are
complementary to the regions 4384-4403, 4605-4624, 4607-
4626, 4608-4627, 4609-4628, 4610-4629, 4617-4636, 4622-
4639, 4813-4832, 4814-4833, 4823-4842, 4860-4877, 4868-
4887,4925-4944,4928-4947, 4931-4950, 4931-4948, 4955-
4974, 4960-4977, 5801-5820, 5809-5828, 5809-5826,
101088-101105, 115066-115085, 4607-4626, 4608-4627,
4609-4628, 4610-4629, 4813-4832, 4862-4881, 5809-5828
or 4928-4947 of SEQ ID NO: 1. In certain embodiments, the
compounds targeting the listed regions, as further described
herein, comprise a modified oligonucleotide having some
nucleobase portion of the sequence recited in the SEQ ID
NOs, as further described herein. In certain embodiments, the
compounds targeting the listed regions or having a nucleo-
base portion of a sequence recited in the listed SEQ ID NOs
can be of various length, as further described herein, and can
have one of various motifs, as further described herein. In
certain embodiments, a compound targeting a region or hav-
ing a nucleobase portion of a sequence recited in the listed
SEQ ID NOs has the specific length and motif as indicated by
the ISIS NOs: ISIS 419628, ISIS 419637, ISIS 419640, ISIS
419641, ISIS 451541, ISIS 419642, ISIS 436665, ISIS
436671, ISIS 436684, ISIS 436689, ISIS 436754, ISIS
437168, ISIS 437175, ISIS 437441, ISIS 437442, ISIS
437507, ISIS 437527, ISIS 443139, ISIS 444578, ISIS
444584, ISIS 444591, ISIS 444607, ISIS 444608, ISIS
444615, ISIS 444618, ISIS 444627, ISIS 444652, ISIS
444658, ISIS 444659, ISIS 444660, ISIS 444661, or ISIS
444663.

Compounds described above as having high in vivo
potency and tolerability were then tested by CNS bolus injec-
tion in rat to further assess neurotoxicity (see Example 5)
along with several additional compounds having a nucleo-
base sequence of a sequence recited in SEQ ID NO: 7, 8, 11,
16, 17. Of these, ten compounds having a nucleobase
sequence of a sequence recited in SEQ ID NO: 24, 25, 26, 6,
12, 28, 21, 22, 32 or 13 were selected as having high toler-
ability. By virtue of their complementary sequence, the com-
pounds are complementary to the regions 4384-4403, 4609-
4628,4610-4629, 4860-4877, 4862-4881, 4925-4944, 4928-
4947, 4931-4950, 4955-4974, or 5809-5829 of SEQ ID NO:
1. In certain embodiments, the compounds targeting the listed
regions, as further described herein, comprise a modified
oligonucleotide having some nucleobase portion of the
sequence recited in the SEQ ID NOs, as further described
herein. In certain embodiments, the compounds targeting the
listed regions or having a nucleobase portion of a sequence
recited in the listed SEQ ID NOs can be of various length, as
further described herein, and can have one of various motifs,
as further described herein. In certain embodiments, a com-
pound targeting a region or having a nucleobase portion of a
sequence recited in the listed SEQ ID NOs has the specific
length and motif as indicated by the ISIS NOs: ISIS 419640,
ISIS 419641, ISIS 419642, ISIS 436665, ISIS 436671, ISIS
436689, ISIS 437507, ISIS 443139, ISIS 444591, and ISIS
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444661. Selected compounds were compared with previ-
ously designed compound ISIS 388241 by ICV administra-
tion in BACHD mice.

Additional studies were then run on compounds described
above as having high in vivo potency and tolerability. The
additional studies were designed to further assess neurotox-
icity. Studies included ICV administration in wild-type
mouse (see Example 16) and bolus administration in rat (see
Example 17). SEQ ID NOs: 12, 22, 28, 30, 32, and 33 were
selected as having high neurotolerability. By virtue of their
complementary sequence, the compounds are complemen-
tary to the regions 4862-4881, 4609-4628, 5809-5828, 5809-
5826, 5801-5820, and 4955-4974 of SEQ ID NO: 1. Incertain
embodiments, the compounds targeting the listed regions, as
further described herein, comprise a modified oligonucle-
otide having some nucleobase portion of the sequence recited
in the SEQ ID NOs, as further described herein. In certain
embodiments, the compounds targeting the listed regions or
having a nucleobase portion of a sequence recited in the listed
SEQ ID NOs can be of various length, as further described
herein, and can have one of various motifs, as further
described herein. In certain embodiments, a compound tar-
geting a region or having a nucleobase portion of a sequence
recited in the listed SEQ ID NOs has the specific length and
motif as indicated by ISIS 388241, ISIS 443139, ISIS
436671, ISIS 444591, ISIS 437527, ISIS 444584, ISIS
444652, and ISIS 436689.

Accordingly, provided herein are antisense compounds
with improved characteristics. In certain embodiments, pro-
vided herein are compounds comprising a modified oligo-
nucleotide as further described herein targeted to or specifi-
cally hybridizable with the region of nucleotides of SEQ ID
NO: 1.

In certain embodiments, the compounds as described
herein are efficacious by virtue of having at least one of an in
vitro IC50 of less than 7 uM, less than 6 uM, less than 5, uM,
less than 4 uM, less than 3 uM, less than 2 uM, less than 1 uM
when delivered to a human fibroblast cell line as described
herein or an ED50 of less than 10 ug, less than 9 ug, less than
8 ug, less than 7.5 ng, less than 7.4 ng, less than 7.0 pg, less
than 6 pg, less than 5 pg, less than 4 g, less than 3 pg, or less
than 2 pg by bolus injection. As described herein, ICV infu-
sion can result in 3 to 4 fold higher ED50 values for the
compounds described herein. In certain embodiments, the
compounds as described herein are highly tolerable as dem-
onstrated by having at least one of an increase an ALT or AST
value of no more than 4 fold, 3 fold, or 2 fold over saline
treated animals; an increase in liver, spleen or kidney weight
of no more than 30%, 20%, 15%, 12%, 10%, 5% or 2%; or an
increase AIF1 levels by no more than 350%, 300%, 275%,
250% 200%, 150% or 100% over control.

Certain Indications

In certain embodiments, provided herein are methods of
treating an individual comprising administering one or more
pharmaceutical compositions as described herein. In certain
embodiments, the individual has Huntington’s disease.

As shown in the examples below, compounds targeted to
huntingtin as described herein have been shown to reduce the
severity of physiological symptoms of Huntington’s disease.
In certain of the experiments, the compounds reduced rate of
degeneration, e.g., the animals continued to experience
symptoms, but the symptoms were less severe compared to
untreated animals. In other of the experiments, however, the
compounds appear to result in regeneration of function over
time; e.g., animals treated for a longer period of time experi-
enced less severe symptoms than those administered the com-
pounds for a shorter period of time. As discussed above,
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Huntington’s disease is a degenerative disease with a progres-
sion typified by increased severity of symptoms over time.
The ability of the compounds exemplified below to restore
function therefore demonstrates that symptoms of the disease
may be reversed by treatment with a compound as described
herein.

Accordingly, provided herein are methods for ameliorating
a symptom associated with Huntington’s disease in a subject
in need thereof. In certain embodiments, provided is a method
for reducing the rate of onset of a symptom associated with
Huntington’s disease. In certain embodiments, provided is a
method for reducing the severity of a symptom associated
with Huntington’s disease. In certain embodiments, provided
is a method for regenerating neurological function as shown
by an improvement of a symptom associated with Hunting-
ton’s disease. In such embodiments, the methods comprise
administering to an individual in need thereof a therapeuti-
cally effective amount of a compound targeted to a huntingtin
nucleic acid.

Huntington’s disease is characterized by numerous physi-
cal, neurological, psychiatric, and/or peripheral symptoms.
Any symptom known to one of skill in the art to be associated
with Huntington’s disease can be ameliorated or otherwise
modulated as set forth above in the methods described above.
In certain embodiments, the symptom is a physical symptom
selected from the group consisting of restlessness, lack of
coordination, unintentionally initiated motions, unintention-
ally uncompleted motions, unsteady gait, chorea, rigidity,
writhing motions, abnormal posturing, instability, abnormal
facial expressions, difficulty chewing, difficulty swallowing,
difficulty speaking, seizure, and sleep disturbances. In certain
embodiments, the symptom is a cognitive symptom selected
from the group consisting of impaired planning, impaired
flexibility, impaired abstract thinking, impaired rule acquisi-
tion, impaired initiation of appropriate actions, impaired inhi-
bition of inappropriate actions, impaired short-term memory,
impaired long-term memory, paranoia, disorientation, confu-
sion, hallucination and dementia. In certain embodiments, the
symptom is a psychiatric symptom selected from the group
consisting of anxiety, depression, blunted affect, egocen-
trisms, aggression, compulsive behavior, irritability and sui-
cidal ideation. In certain embodiments, the symptom is a
peripheral symptom selected from the group consisting of
reduced brain mass, muscle atrophy, cardiac failure, impaired
glucose tolerance, weight loss, osteoporosis, and testicular
atrophy.

In certain embodiments, the symptom is restlessness. In
certain embodiments, the symptom is lack of coordination. In
certain embodiments, the symptom is unintentionally initi-
ated motions. In certain embodiments, the symptom is unin-
tentionally uncompleted motions. In certain embodiments,
the symptom is unsteady gait. In certain embodiments, the
symptom is chorea. In certain embodiments, the symptom is
rigidity. In certain embodiments, the symptom is writhing
motions. In certain embodiments, the symptom is abnormal
posturing. In certain embodiments, the symptom is instabil-
ity. In certain embodiments, the symptom is abnormal facial
expressions. In certain embodiments, the symptom is diffi-
culty chewing. In certain embodiments, the symptom is dif-
ficulty swallowing. In certain embodiments, the symptom is
difficulty speaking. In certain embodiments, the symptom is
seizures. In certain embodiments, the symptom is sleep dis-
turbances.

In certain embodiments, the symptom is impaired plan-
ning. In certain embodiments, the symptom is impaired flex-
ibility. In certain embodiments, the symptom is impaired
abstract thinking. In certain embodiments, the symptom is
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impaired rule acquisition. In certain embodiments, the symp-
tom is impaired initiation of appropriate actions. In certain
embodiments, the symptom is impaired inhibition of inap-
propriate actions. In certain embodiments, the symptom is
impaired short-term memory. In certain embodiments, the
symptom is impaired long-term memory. In certain embodi-
ments, the symptom is paranoia. In certain embodiments, the
symptom is disorientation. In certain embodiments, the
symptom is confusion. In certain embodiments, the symptom
is hallucination. In certain embodiments, the symptom is
dementia.

In certain embodiments, the symptom is anxiety. In certain
embodiments, the symptom is depression. In certain embodi-
ments, the symptom is blunted affect. In certain embodi-
ments, the symptom is egocentrism. In certain embodiments,
the symptom is aggression. In certain embodiments, the
symptom is compulsive behavior. In certain embodiments,
the symptom is irritability. In certain embodiments, the symp-
tom is suicidal ideation.

In certain embodiments, the symptom is reduced brain
mass. In certain embodiments, the symptom is muscle atro-
phy. In certain embodiments, the symptom is cardiac failure.
In certain embodiments, the symptom is impaired glucose
tolerance. In certain embodiments, the symptom is weight
loss. In certain embodiments, the symptom is osteoporosis. In
certain embodiments, the symptom is testicular atrophy.

In certain embodiments, symptoms of Huntington’s dis-
ease may be quantifiable. For example, osteoporosis may be
measured and quantified by, for example, bone density scans.
For such symptoms, in certain embodiments, the symptom
may be reduced by about 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by any
two of these values.

In certain embodiments, provided are methods of treating
an individual comprising administering one or more pharma-
ceutical compositions as described herein. In certain embodi-
ments, the individual has Huntington’s disease.

In certain embodiments, administration of an antisense
compound targeted to a huntingtin nucleic acid results in
reduction of huntingtin expression by at least about 15, 20,
25,30,35,40,45,50, 55, 60, 65,70,75, 80, 85,90, 95 or 99%,
or a range defined by any two of these values.

In certain embodiments, pharmaceutical compositions
comprising an antisense compound targeted to huntingtin are
used for the preparation of a medicament for treating a patient
suffering or susceptible to Huntington’s disease.

In certain embodiments, the methods described herein
include administering a compound comprising a modified
oligonucleotide having a contiguous nucleobases portion as
described herein ofa sequencerecited in SEQ ID NO: 6, 9, 10,
11,12,13,14,15,18,19,20,21,22,23,24,25,26,27, 28,29,
30, 32, 33, 35, 36, 10, 11, 12, 13, 18, 22 or 32. In certain
embodiments, the methods described herein include admin-
istering a compound comprising a modified oligonucleotide
having a contiguous nucleobases portion as described herein
of'a sequence recited in SEQ ID NOs: 12, 22, 28, 30,32, and
33.

Administration

In certain embodiments, the compounds and compositions
as described herein are administered parenterally.

In certain embodiments, parenteral administration is by
infusion. Infusion can be chronic or continuous or short or
intermittent. In certain embodiments, infused pharmaceutical
agents are delivered with a pump. In certain embodiments,
parenteral administration is by injection.

In certain embodiments, compounds and compositions are
delivered to the CNS. In certain embodiments, compounds
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and compositions are delivered to the cerebrospinal fluid. In
certain embodiments, compounds and compositions are
administered to the brain parenchyma. In certain embodi-
ments, compounds and compositions are delivered to an ani-
mal by intrathecal administration, or intracerebroventricular
administration. Broad distribution of compounds and com-
positions, described herein, within the central nervous system
may be achieved with intraparenchymal administration,
intrathecal administration, or intracerebroventricular admin-
istration.

In certain embodiments, parenteral administration is by
injection. The injection may be delivered with a syringe or a
pump. In certain embodiments, the injection is a bolus injec-
tion. In certain embodiments, the injection is administered
directly to a tissue, such as striatum, caudate, cortex, hippoc-
ampus and cerebellum.

The median effective concentration (EC,,) of an antisense
compounds for inhibiting huntingtin mRNA expression was
calculated after either ICV infusion or bolus injection (see
Examples 9 and 10). The EC,, for the compound after intras-
triatal injection was determined to be 0.45 pg/g. The EC,
after ICV administration was determined to be 26.4 ng/g.

Therefore, in certain embodiments, delivery of a com-
pound or composition described herein can affect the phar-
macokinetic profile of the compound or composition. In cer-
tain embodiments, injection of a compound or composition
described herein, to a targeted tissue improves the pharma-
cokinetic profile of the compound or composition as com-
pared to infusion of the compound or composition. In a cer-
tain embodiment, the injection of a compound or composition
improves potency compared to broad diffusion, requiring less
of the compound or composition to achieve similar pharma-
cology. In certain embodiments, similar pharmacology refers
to the amount of time that a target mRNA and/or target protein
is down-regulated (e.g. duration of action). In certain embodi-
ments, methods of specifically localizing a pharmaceutical
agent, such as by bolus injection, decreases median effective
concentration (EC50) by a factor of about 50 (e.g. 50 fold less
concentration in tissue is required to achieve the same or
similar pharmacodynamic effect). In certain embodiments,
methods of specifically localizing a pharmaceutical agent,
such as by bolus injection, decreases median effective con-
centration (EC50) by a factor of 20, 25, 30, 35, 40, 45 or 50.
In certain embodiments the pharmaceutical agent in an anti-
sense compound as further described herein. In certain
embodiments, the targeted tissue is brain tissue. In certain
embodiments the targeted tissue is striatal tissue. In certain
embodiments, decreasing EC50 is desirable because it
reduces the dose required to achieve a pharmacological result
in a patient in need thereof.

The half-life of MOE gapmer oligonucleotides in brain
tissue is about 20 days (see Examples 9-11). The duration of
action as measured by inhibition of huntingtin mRNA is
prolonged in the brain (see Examples 9 and 10). Intracere-
broventricular infusion of antisense oligonucleotides for 2
weeks results in inhibition of huntingtin mRNA by at least
50% in striatal tissue of BACHD mice for at least 91 days after
termination of dosing. Administration by bolus injection
resulted in a similar duration of action.

In certain embodiments, delivery of a compound or com-
position, as described herein, to the CNS results in 47%
down-regulation of a target mRNA and/or target protein for at
least 91 days. In certain embodiments, delivery of a com-
pound or composition results in at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least 50%, at least
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55%, at least 60%, at least 65%, at least 70%, or at least 75%
down-regulation of a target mRNA and/or target protein for at
least 20 days, at least 30 days, at least 40 days, at least 50 days,
at least 60 days, at least 70 days, at least 80 days, at least 85
days, at least 90 days, at least 95 days, at least 100 days, at
least 110 days, at least 120 days. In certain embodiments,
delivery to the CNS is by intraparenchymal administration,
intrathecal administration, or intracerebroventricular admin-
istration.

In certain embodiments, an antisense oligonucleotide is
delivered by injection or infusion once every month, every
two months, every 90 days, every 3 months, every 6 months,
twice a year or once a year.

Certain Combination Therapies

In certain embodiments, one or more pharmaceutical com-
positions are co-administered with one or more other phar-
maceutical agents. In certain embodiments, such one or more
other pharmaceutical agents are designed to treat the same
disease, disorder, or condition as the one or more pharmaceu-
tical compositions described herein. In certain embodiments,
such one or more other pharmaceutical agents are designed to
treat a different disease, disorder, or condition as the one or
more pharmaceutical compositions described herein. In cer-
tain embodiments, such one or more other pharmaceutical
agents are designed to treat an undesired side effect of one or
more pharmaceutical compositions as described herein. In
certain embodiments, one or more pharmaceutical composi-
tions are co-administered with another pharmaceutical agent
to treat an undesired effect of that other pharmaceutical agent.
In certain embodiments, one or more pharmaceutical compo-
sitions are co-administered with another pharmaceutical
agent to produce a combinational effect. In certain embodi-
ments, one or more pharmaceutical compositions are co-
administered with another pharmaceutical agent to produce a
synergistic effect.

In certain embodiments, one or more pharmaceutical com-
positions and one or more other pharmaceutical agents are
administered at the same time. In certain embodiments, one
or more pharmaceutical compositions and one or more other
pharmaceutical agents are administered at different times. In
certain embodiments, one or more pharmaceutical composi-
tions and one or more other pharmaceutical agents are pre-
pared together in a single formulation. In certain embodi-
ments, one or more pharmaceutical compositions and one or
more other pharmaceutical agents are prepared separately.

In certain embodiments, pharmaceutical agents that may
be co-administered with a pharmaceutical composition of
include antipsychotic agents, such as, e.g., haloperidol, chlo-
rpromazine, clozapine, quetapine, and olanzapine; antide-
pressant agents, such as, e.g., fluoxetine, sertraline hydro-
chloride, venlafaxine and nortriptyline; tranquilizing agents
such as, e.g., benzodiazepines, clonazepam, paroxetine, ven-
lafaxin, and beta-blockers; mood-stabilizing agents such as,
e.g., lithium, valproate, lamotrigine, and carbamazepine;
paralytic agents such as, e.g., Botulinum toxin; and/or other
experimental agents including, but not limited to, tetrabena-
zine (Xenazine), creatine, conezyme Q10, trehalose, docosa-
hexanoic acids, ACR16, ethyl-EPA, atomoxetine, citalopram,
dimebon, memantine, sodium phenylbutyrate, ramelteon,
ursodiol, zyprexa, xenasine, tiapride, riluzole, amantadine,
[1231]MNI-420, atomoxetine, tetrabenazine, digoxin,
detromethorphan, warfarin, alprozam, ketoconazole, ome-
prazole, and minocycline.
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EXAMPLES

Non-Limiting Disclosure and Incorporation by
Reference

While certain compounds, compositions and methods
described herein have been described with specificity in
accordance with certain embodiments, the following
examples serve only to illustrate the compounds described
herein and are not intended to limit the same. Each of the
references recited in the present application is incorporated
herein by reference in its entirety.

Example 1

Antisense oligonucleotides targeted to human
huntingtin gene sequences

About seventeen hundred newly designed antisense com-
pounds of various lengths, motifs and backbone composition
targeting the human huntingtin gene sequence were tested for
their effect on human huntingtin mRNA in vitro in several cell
types. These gapmers were further designed with internucleo-
side linkages that are either only phosphorothioate linkages
(described in Table 1) or that are phosphorothioate and phos-
phodiester linkages (described in Table 5). A number of the
newly designed oligos and two benchmark oligonucleotides
(previously designed and disclosed) are provided in Tables 1
and 5.
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Gapmers with Fully Phosphorothioate Internucleoside Link-
ages

Certain of the compounds presented in Table 1 have a motif
of 5-10-5 MOE, 6-8-6 MOE, or 5-8-5 MOE. The 5-10-5
gapmers have twenty linked nucleosides, wherein the central
gap segment has ten 2'-deoxynucleosides and is flanked on
both sides (in the 5' and 3' directions) by wings having five
nucleosides each. The 6-8-6 gapmer has twenty linked
nucleosides, wherein the central gap segment has eight
2'-deoxynucleosides and is flanked on both sides (in the 5' and
3" directions) by wings having six nucleosides each. The
5-8-5 gapmers have eighteen linked nucleosides, wherein the
central gap segment has eight 2'-deoxynucleosides and is
flanked on both sides (in the 5' and 3' directions) by wings
having five nucleosides each. For all gapmers listed in Table
1, each nucleoside in the 5' wing segment and each nucleoside
in the 3' wing segment has a 2'-MOE modification. The inter-
nucleoside linkages throughout each gapmer are phospho-
rothioate (P—S) internucleoside linkages. All cytosines
throughout each gapmer are S-methylcytosines. Each gapmer
in Table 1 is targeted to SEQ ID NO: 1 (GENBANK Acces-
sion No. NM__002111.6) or SEQ ID NO: 2 (GENBANK
Accession No. NT 006081.17 truncated from nucleotides
462000 to 634000). ‘Start site’ indicates the 5'-most nucle-
otide to which the gapmer is targeted in the human gene
sequence. ‘Stop site’ indicates the 3'-most nucleotide to
which the gapmer is targeted in the human gene sequence.

TABLE 1
Chimeric antisense oligonucleotides with phosphorothiocate internucleoside
linkages targeting human huntingtin gene sequences (SEQ ID NOs: 1 and 2)
Target

Start Stop SEQ ISIS SEQ
Site Site ID NO. No. Sequence (5' to 3') Motif ID NO.
4384 4403 1 436665 TAGCATTCTTATCTGCACGG 5-10-5 6
4511 4530 1 436668 ACCCGTAACTGAACCAGCTG 5-10-5 7
4599 4618 1 419627 TTCCCTGAACTGGCCCACTT 5-10-5 8
4605 4624 1 419628 CTCTGATTCCCTGAACTGGC 5-10-5 9
4607 4626 1 444607 GCCTCTGATTCCCTGAACTG 5-10-5 10
4608 4627 1 419629 TGCCTCTGATTCCCTGAACT 5-10-5 11
4608 4627 1 444578 TGCCTCTGATTCCCTGAACT 6-8-6 11
4609 4628 1 436671 TTGCCTCTGATTCCCTGAAC 5-10-5 12
4610 4629 1 444608 ATTGCCTCTGATTCCCTGAA 5-10-5 13
4617 4636 1 444615 TGGAATGATTGCCTCTGATT 5-10-5 14
4622 4639 1 437168 GTTTGGAATGATTGCCTC 5-8-5 15
4679 4698 1 419630 CCAATGATCTGTTTTGAATG 5-10-5 16
4733 4752 1 419636 GCCTTCCTTCCACTGGCCAT 5-10-5 17
4813 4832 1 444618 CTGCATCAGCTTTATTTGTT 5-10-5 18
4814 4833 1 419637 CCTGCATCAGCTTTATTTGT 5-10-5 19
4823 4842 1 444627 AGCTCTTTTCCTGCATCAGC 5-10-5 20
4860 4877 1 437507 GTAACATTGACACCACCA 5-8-5 21
4862 4881 1 388241 CTCAGTAACATTGACACCAC 5-10-5 22
4868 4887 1 436684 ATGAGTCTCAGTAACATTGA 5-10-5 23
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Chimeric antisense oligonucleotides with phosphorothiocate internucleoside

linkages targeting human huntingtin gene sequences (SEQ ID NOs: 1 and 2)
Target
Start Stop SEQ ISIS SEQ
Site Site ID NO. No. Sequence (5' to 3') Motif ID NO.
4925 4944 1 419640 TCCTTGTGGCACTGCTGCAG 5-10-5 24
4928 4947 1 419641 TTCTCCTTGTGGCACTGCTG 5-10-5 25
4931 4950 1 419642 TCATTCTCCTTGTGGCACTG 5-10-5 26
4931 4948 1 437442 ATTCTCCTTGTGGCACTG 5-8-5 27
4955 4974 1 436689 CGAGACAGTCGCTTCCACTT 5-8-5 28
4960 4977 1 437175 TGTCGAGACAGTCGCTTC 5-8-5 29
5801 5820 1 444584 TTGCACATTCCAAGTTTGGC 5-10-5 30
5807 5826 1 387916 TCTCTATTGCACATTCCAAG 5-10-5 31
5809 5828 1 444591 TTTCTCTATTGCACATTCCA 5-10-5 32
5809 5826 1 437527 TCTCTATTGCACATTCCA 5-8-5 33
1446 1465 2 388817 GCAGGGTTACCGCCATCCCC 5-10-5 34
101088 101105 2 437441 ACCTTATCTGCACGGTTC 5-8-5 35
115066 115085 2 436754 CTCTCTGTGTATCACCTTCC 5-10-5 36

The complementarity of the gapmers in Table 1 with
mouse, rhesus monkey and rat huntingtin gene sequences is
further described in Tables 2, 3, and 4.

The gapmers of Table 2 are complementary with mouse
huntingtin ~ mRNA  (GENBANK  Accession  No.
NM__010414.1, designated herein as SEQ ID NO: 3). ‘Mouse
target start site’ indicates the 5'-most nucleotide to which the
gapmer is targeted in the mouse mRNA. ‘Mouse target stop
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site’ indicates the 3'-most nucleotide to which the gapmer is
targeted in the mouse mRNA. ‘Human Target Start Site’
indicates the 5'-most nucleotide to which the gapmer is tar-
geted in the human gene sequence. ‘Human Target Stop Site’
indicates the 3'-most nucleotide to which the gapmer is tar-
geted in the human gene sequence. ‘Number of mismatches’
indicates the number of mismatches between the human oli-
gonucleotide and the mouse mRNA sequence.

TABLE 2

Complementarity of antisense oligonucleotides having phosphorothioate

linkages with murine mRNA (SEQ ID NO: 3)

Human Human Human Target ISIS Mouse Mouse No. of SEQ ID

Start Site Stop Site  SEQ ID NO. No. Start Site  Stop Site  mismatches NO.
4384 4403 1 436665 4343 4362 0 6
4511 4530 1 436668 4470 4489 1 7
4599 4618 1 419627 4558 4577 0 8
4605 4624 1 419628 4564 4583 0 9
4607 4626 1 444607 4566 4585 0 10
4608 4627 1 419629 4567 4586 0 11
4608 4627 1 444578 4567 4586 0 11
4609 4628 1 436671 4568 4587 0 12
4610 4629 1 444608 4569 4588 0 13
4617 4636 1 444615 4576 4595 1 14
4622 4639 1 437168 4581 4598 2 15
4679 4698 1 419630 4638 4657 0 16
4733 4752 1 419636 4692 4711 0 17
4813 4832 1 444618 4772 4791 0 18
4814 4833 1 419637 4773 4792 0 19
4823 4842 1 444627 4782 4801 1 20
4925 4944 1 419640 4884 4903 0 24
4928 4947 1 419641 4887 4906 0 25
4931 4950 1 419642 4890 4909 0 26
4931 4948 1 437442 4890 4907 0 27
4955 4974 1 436689 4914 4933 3 28
5807 5826 1 387916 5763 5782 1 31
5809 5826 1 437527 5765 5782 1 33
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Complementarity of antisense oligonucleotides having phosphorothioate

linkages with murine mRNA (SEQ ID NO: 3)

Human Human  Human Target ISIS Mouse Mouse No. of SEQID
Start Site  Stop Site  SEQ ID NO. No. Start Site  Stop Site  mismatches NO.
5809 5828 1 444591 5765 5784 1 32
101088 101105 2 437441 4340 4357 2 35

The gapmers of Table 3 are complementary with the rhesus
monkey huntingtin genomic sequence (the complement of
GENBANK Accession No. NW__001109716.1 truncated at
nucleotides 698000 to 866000, designated herein as SEQ 1D
NO: 4). ‘Rhesus monkey target start site’ indicates the 5'-most
nucleotide to which the gapmer is targeted in the rhesus
monkey gene sequence. ‘Rhesus monkey target stop site’
indicates the 3'-most nucleotide to which the gapmer is tar-
geted in the rhesus monkey gene sequence. ‘Human Target
Start Site’ indicates the 5'-most nucleotide to which the gap-
mer is targeted in the human gene sequence. ‘Human Target
Stop Site’ indicates the 3'-most nucleotide to which the gap-
mer is targeted in the human gene sequence. ‘Number of
mismatches’ indicates the number of mismatches between the
human oligonucleotide and the rhesus monkey gene
sequence.

TABLE 3

The gapmers of Table 4 are complementary with rat hun-
tingtin mRNA (GENBANK Accession No. NM_ 0243572,
designated herein as SEQ ID NO: 5). ‘Rat target start site’
indicates the 5'-most nucleotide to which the gapmer is tar-
geted in the rat mRNA. ‘Rat target stop site’ indicates the
3'-most nucleotide to which the gapmer is targeted in the rat
mRNA. ‘Human Target Start Site’ indicates the 5'-most
nucleotide to which the gapmer is targeted in the human gene
sequence. ‘Human Target Stop Site’ indicates the 3'-most
nucleotide to which the gapmer is targeted in the human gene
sequence. ‘Number of mismatches’ indicates the number of
mismatches between the human oligonucleotide and the rat
mRNA sequence.

Complementarity of antisense oligonucleotides having phosphorothioate
linkages with rhesus monkey gene sequence (SEQ ID NO: 4)

Human Human  Human Target  ISIS  Rhesus monkey Rhesus monkey No. of SEQID
Start Site  Stop Site  SEQ ID NO. No. Start Site Stop Site mismatches NO.
4511 4530 1 436665 98182 98201 0 6
4599 4618 1 419627 101353 101372 1 8
4609 4628 1 436671 102256 102275 3 12
4610 4629 1 444608 102257 102276 2 13
4617 4636 1 444615 102264 102283 0 14
4622 4639 1 437168 102269 102286 0 15
4679 4698 1 419630 102326 102345 0 16
4733 4752 1 419636 102380 102399 0 17
4813 4832 1 444618 105030 105049 0 18
4814 4833 1 419637 105031 105050 0 19
4823 4842 1 444627 105040 105059 0 20
4860 4877 1 437507 105077 105094 1 21
4862 4881 1 388241 105079 105098 1 22
4868 4887 1 436684 105085 105104 0 23
4925 4944 1 419640 106844 106863 0 24
4928 4947 1 419641 106847 106866 0 25
4931 4950 1 419642 106850 106869 0 26
4931 4948 1 437442 106850 106867 0 27
4955 4974 1 436689 106874 106893 0 28
4960 4977 1 437175 106879 106896 0 29
5801 5820 1 444584 125331 125350 0 30
5807 5826 1 387916 125337 125356 0 31
5809 5826 1 437527 125339 125356 0 33
5809 5828 1 444591 125339 125358 0 32
101088 101105 2 437441 97904 97921 0 35
115066 115085 2 436754 110518 110537 0 36
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Complementarity of antisense oligonucleotides having phosphorothioate

linkages with rat mRNA (SEQ ID NO: 5)

Human Human  Human Target ISIS Rat Rat No. of SEQID
Start Site  Stop Site  SEQ ID NO. No. Start Site  Stop Site  mismatches NO.
4384 4403 1 436665 4343 4362 1 6
4511 4530 1 436668 4470 4489 1 7
4599 4618 1 419627 4558 4577 0 8
4605 4624 1 419628 4564 4583 0 9
4607 4626 1 444607 4566 4585 0 10
4608 4627 1 419629 4567 4586 0 11
4608 4627 1 444578 4567 4586 0 11
4609 4628 1 436671 4568 4587 0 12
4610 4629 1 444608 4569 4588 0 13
4617 4636 1 444615 4576 4595 1 14
4622 4639 1 437168 4581 4598 2 15
4679 4698 1 419630 4638 4657 0 16
4733 4752 1 419636 4692 4711 0 17
4813 4832 1 444618 4772 4791 0 18
4814 4833 1 419637 4773 4792 0 19
4823 4842 1 444627 4782 4801 1 20
4925 4944 1 419640 4884 4903 1 24
4928 4947 1 419641 4887 4906 1 25
4931 4950 1 419642 4890 4909 1 26
4931 4948 1 437442 4890 4907 1 27
4955 4974 1 436689 4914 4933 3 28
5801 5820 1 444584 5757 5776 3 30
5807 5826 1 387916 5763 5782 0 31
5809 5826 1 437527 5765 5782 0 33
5809 5828 1 444591 5765 5784 0 32
101088 101105 2 437441 4340 4357 2 35

Gapmers with Mixed Phosphorothioate and Phosphodiester
Internucleoside Linkages

The chimeric antisense oligonucleotides in Table 5 were
designed as 5-10-5 MOE gapmers. The 5-10-5 gapmers have
twenty linked nucleosides, wherein the central gap segment
has ten 2'-deoxynucleotides and is flanked on both sides (in
the 5' and 3' directions) by wings having five nucleosides
each. Each nucleoside in the 5' wing segment and each
nucleoside in the 3' wing segment has a 2'-MOE modification.
The internucleoside linkages within the central gap segment,
the linkages connecting the gap segment to the 5' or 3' wing
segment, and the linkages for the 5'-most and 3'-most nucleo-
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sides of each wing segments are all phosphorothioate (P—S)
linkages; the internucleoside linkages connecting the rest of
the nucleosides of both the 5' and 3' wing segments are phos-
phodiester linkages; i.e. the gapmer has a mixed backbone.
All cytosines throughout each gapmer are S-methylcytosines.
Each gapmer in Table 5 is targeted to the human mRNA
sequence (GENBANK Accession No. NM__002111.6, des-
ignated herein as SEQ ID NO: 1). “Start site’ indicates the
5'-most nucleotide to which the gapmer is targeted in the
human mRNA. ‘Stop site’ indicates the 3'-most nucleotide to
which the gapmer is targeted in the human mRNA.

TABLE 5

Chimeric antisense oligonucleotides with phosphorothioate and phosphate

internucleoside linkages targeting human huntingtin mRNA (SEQ ID NO: 1)
Target

Start Stop SEQ SEQ
Site Site 1ID NO. ISIS No. Sequence (5' to 3') Motif ID NO.
4607 4626 1 444658 GCCTCTGATTCCCTGAACTG 5-10-5 10
4608 4627 1 444659 TGCCTCTGATTCCCTGAACT 5-10-5 11
4609 4628 1 444660 TTGCCTCTGATTCCCTGAAC 5-10-5 12
4610 4629 1 444661 ATTGCCTCTGATTCCCTGAA 5-10-5 13
4813 4832 1 444663 CTGCATCAGCTTTATTTGTT 5-10-5 18
4862 4881 1 443139 CTCAGTAACATTGACACCAC 5-10-5 22
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TABLE 5-continued
Chimeric antisense oligonucleotides with phosphorothiocate and phosphate
internucleogside linkageg targeting human huntingtin mRNA (SEQ ID NO: 1)
Target
Start Stop SEQ SEQ
Site Site 1ID NO. ISIS No. Sequence (5' to 3') Motif ID NO.
5809 5828 1 444652 TTTCTCTATTGCACATTCCA 5-10-5 32
4928 4947 1 451541 TTCTCCTTGTGGCACTGCTG 5-10-5 25

The complementarity of the gapmers in Table 5 with
mouse, rhesus monkey and rat huntingtin gene sequences are
further described in Tables 6, 7, and 8.

The gapmers of Table 6 are complementary with mouse
huntingtin ~ mRNA  (GENBANK  Accession  No.
NM_010414.1; SEQ ID NO: 3). ‘Mouse target start site’
indicates the 5'-most nucleotide to which the gapmer is tar-
geted in the mouse mRNA. ‘Mouse target stop site’ indicates
the 3'-most nucleotide to which the gapmer is targeted in the
mouse mRNA. ‘Human Target Start Site’ indicates the
5'-most nucleotide to which the gapmer is targeted in the
human mRNA (GENBANK Accession No. NM__002111.6).
‘Human Target Stop Site’ indicates the 3'-most nucleotide to
which the gapmer is targeted in the human mRNA (GEN-
BANK Accession No. NM__002111.6). ‘Number of mis-
matches’ indicates the number of mismatches between the
human oligonucleotide and the mouse mRNA sequence.

TABLE 6

15
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which the gapmer is targeted in the rhesus monkey gene
sequence. ‘Rhesus monkey target stop site’ indicates the
3'-most nucleotide to which the gapmer is targeted in the
rhesus monkey gene sequence. ‘Human Target Start Site’
indicates the 5'-most nucleotide to which the gapmer is tar-
geted in the human mRNA (GENBANK Accession No.
NM_002111.6). ‘Human Target Stop Site’ indicates the
3'-most nucleotide to which the gapmer is targeted in the
human mRNA (GENBANK Accession No. NM__002111.6).
‘Number of mismatches’ indicates the number of mismatches
between the human oligonucleotide and the rhesus monkey

gene sequence.

Complementarity of antisense oligonucleotides having mixed phosphorothioate

and phosphate linkages with murine mRNA (SEQ ID NO: 3)

Human Human  Human Target ISIS Mouse Mouse No. of SEQID
Start Site  Stop Site  SEQ ID NO. No. Start Site  Stop Site  mismatches NO.
4607 4626 1 444658 4566 4585 0 10
4608 4627 1 444659 4567 4586 0 11
4609 4628 1 444660 4568 4587 0 12
4610 4629 1 444661 4569 4588 0 13
4813 4832 1 444663 4772 4791 0 18
5809 5828 1 444652 5765 5784 1 32
The gapmers of Table 7 are complementary with the rhesus 50
monkey huntingtin genomic sequence (the complement of
GENBANK Accession No. NW__001109716.1 truncated at
nucleotides 698000 to 866000; SEQ ID NO: 4). ‘Rhesus
monkey target start site’ indicates the 5'-most nucleotide to
TABLE 7

Complementarity of antisense oligonucleotides having mixed phosphorothioate
and phosphate linkages with rhesus monkey gene sequence (SEQ ID NO: 4)

Human Human  Human Target  ISIS  Rhesus monkey Rhesus monkey No. of SEQ ID

Start Site ~ Stop Site  SEQ ID NO. No. Start Site Stop Site mismatches NO.
4609 4628 1 444660 102256 102275 3 12
4610 4629 1 444661 102257 102276 2 13
4813 4832 1 444663 105030 105049 0 18
4862 4881 1 443139 105079 105098 1 22
5809 5828 1 444652 125339 125358 0 32
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The gapmers of Table 8 are complementary with rat hun-
tingtin mRNA (GENBANK Accession No. NM_ 024357.2;
SEQ ID NO: 5). ‘Rat target start site’ indicates the 5'-most
nucleotide to which the gapmer is targeted in the rat mRNA.
‘Rat target stop site’ indicates the 3'-most nucleotide to which
the gapmer is targeted in the rat mRNA. ‘Human Target Start
Site’ indicates the 5'-most nucleotide to which the gapmer is
targeted in the human mRNA (GENBANK Accession No.
NM_002111.6). ‘Human Target Stop Site’ indicates the
3'-most nucleotide to which the gapmer is targeted in the
human mRNA (GENBANK Accession No. NM__002111.6).
‘Number of mismatches’ indicates the number of mismatches
between the human oligonucleotide and the rat mRNA
sequence.

TABLE 8

5

10
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RNA content, as measured by RIBOGREEN®. Results are
presented in Table 9 as percent inhibition of huntingtin
mRNA, relative to untreated control cells and demonstrate
antisense oligonucleotide-mediated dose-dependent reduc-
tion of huntingtin mRNA levels.

The half maximal inhibitory concentration (ICs,) of each
oligonucleotide is also presented in Table 9 and was calcu-
lated by plotting the concentrations of oligonucleotides used
versus the percent inhibition of huntingtin mRNA expression
achieved at each concentration, and noting the concentration
of oligonucleotide at which 50% inhibition of huntingtin
mRNA expression was achieved compared to the control. The
1C,, is expressed in pM.

Complementarity of antisense oligonucleotides having mixed phosphorothioate
and phosphate linkages with rat mRNA (SEQ ID NO: 5)

Human Human  Human Target ISIS Rat Rat No. of SEQID
Start Site  Stop Site  SEQ ID NO. No. Start Site  Stop Site  mismatches NO.
4607 4626 1 444658 4566 4585 0 10
4608 4627 1 444659 4567 4586 0 11
4609 4628 1 444660 4568 4587 0 12
4610 4629 1 444661 4569 4588 0 13
4813 4832 1 444663 4772 4791 0 18
5809 5828 1 444652 5765 5784 0 32
Example 2 TABLE 9
30
Dose dependent reduction of huntingtin
Dose-Dependent Antisense Inhibition of Human mRNA in GM04281 fibroblasts
Huntingtin mRNA In Vitro
gt ISIS 500 1000 2000 4000 8000  ICs,
No. nM M M nM M (uM)
. . 35
About sevepteen hundred ne.:wly designed antisense c.o.m- 187916 33 73 %0 96 97 100
pounds of various lengths, motifs and backbone composition 388241 44 70 82 95 97 0.61
were tested for their effect on human huntingtin mRNA in 419641 26 32 7 20 23 1.06
A 436665 56 67 87 95 96 0.32
vitro in several cell types. These compounds were compared 436671 12 35 63 82 91 1.55
to about two hundred and fifty previously designed com- 40 436689 10 34 61 80 91 1.89

pounds including the compound ISIS 387916 which was
previously determined to be a compound of considerable
potency in vivo. As shown in this example, ISIS 419640, ISIS
419641, ISIS 419642, ISIS 436665, ISIS 436671, ISIS
436689, ISIS 437507, ISIS 443139, ISIS 444591, ISIS
444661, ISIS 437527, ISIS 444584, and ISIS 444652 and
previously designed ISIS 388241 were found to have similar
or better potency than the benchmark compound ISIS 387916
in vitro.

A. GMO04281 Fibroblasts

Cultured GM04281 fibroblasts at a density of 25,000 cells
per well were transfected using electroporation with 500 nM,
1000 nM, 2000 nM, 4000 nM, or 8000 nM of antisense
oligonucleotide. After a treatment period of approximately 16
hours, RNA was isolated from the cells and huntingtin mRNA
levels were measured by quantitative real-time PCR. Human
primer probe set RTS2617 (forward sequence CTCCGTC-
CGGTAGACATGCT, designated herein as SEQ ID NO: 37;
reverse sequence GGAAATCAGAACCCTCAAAATGG,
designated herein as SEQ ID NO: 38; probe sequence TGAG-
CACTGTTCAACTGTGGATATCGGGAX, designated
herein as SEQ ID NO: 39) was used to measure mRNA levels.
Huntingtin mRNA levels were adjusted according to total
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ISIS 387916, ISIS 388241, and ISIS 437507 were further
tested for their effect on human huntingtin mRNA in vitro.
Cultured GM04281 fibroblasts were tested in a similar pro-
cedure, as described above. The results are presented in Table
10 as percent inhibition of huntingtin mRNA, relative to
untreated control cells, and demonstrate antisense oligo-
nucleotide-mediated dose-dependent reduction of huntingtin
mRNA levels. The IC,, of each antisense oligonucleotide is
also presented in Table 10 expressed in pM.

TABLE 10

Dose dependent reduction of huntingtin
mRNA in GM04281 fibroblasts

ISIS 500 1000 2000 4000 8000 ICsq
No. nM M M nM M (uM)
387916 56 84 94 98 99 0.34
388241 58 75 94 98 99 0.23
437507 61 74 85 93 93 0.22

ISIS 387916, ISIS 388241, and ISIS 437507 were further
tested for their effect on human huntingtin mRNA in vitro.
Cultured GM04281 fibroblasts were tested in a similar pro-
cedure as described above. The results are presented in Table
11 as percent inhibition of huntingtin mRNA, relative to
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untreated control cells, and demonstrate antisense oligo-
nucleotide-mediated dose-dependent reduction of huntingtin
mRNA levels. The IC;, of each antisense oligonucleotide is
also presented in Table 11 expressed in pM.

TABLE 11

Dose dependent reduction of huntingtin
mRNA in GM04281 fibroblasts

ISIS 500 1000 2000 4000 8000 ICso 10
No. nM M nM nM M (uM)
387916 40 61 85 94 97 0.70
388241 51 72 86 94 98 0.41
437507 30 55 71 79 82 1.07

15

ISIS 387916, ISIS 388241, ISIS 419641, and ISIS 436754
were further tested for their effect on human huntingtin
mRNA in vitro. Cultured GM0428]1 fibroblasts were tested in
a similar procedure as described above. The results are pre-
sented in Table 12 as percent inhibition of huntingtin mRNA, 2
relative to untreated control cells and demonstrate antisense
oligonucleotide-mediated dose-dependent reduction of hun-
tingtin mRNA levels. The IC;,, of each antisense oligonucle-
otide is also presented in Table 12 expressed in pM.

25
TABLE 12
Dose dependent reduction of huntingtin
mRNA in GM04281 fibroblasts
30

ISIS 500 1000 2000 4000 8000 1C5,

No. nM M nM nM M (uM)
387916 58 75 93 98 98 0.22
388241 40 68 85 95 98 0.73
419641 37 58 86 92 95 0.80
436754 44 62 63 84 93 059 35

ISIS 387916, ISIS 388241, and ISIS 437507 were further
tested for their effect on human huntingtin mRNA in vitro.
Cultured GM04281 fibroblasts ata density of 25,000 cells per
well were transfected using electroporation with 250 nM, 500
nM, 1000 nM, 2000 nM, 4000 nM or 8000 nM of antisense
oligonucleotide. After a treatment period of approximately 16
hours, RNA was isolated from the cells and huntingtin mRNA
levels were measured by quantitative real-time PCR. Human 4
primer probe set RTS2617 was used to measure mRNA lev-
els. Huntingtin mRNA levels were adjusted according to total
RNA content, as measured by RIBOGREEN®. The results
are presented in Table 13 as percent inhibition of huntingtin
mRNA, relative to untreated control cells, and demonstrate
antisense oligonucleotide-mediated dose-dependent reduc-
tion of huntingtin mRNA levels. The IC,, of each antisense
oligonucleotide is also presented in Table 13 expressed in uM.

TABLE 13 55

Dose dependent reduction of huntingtin
mRNA in GM04281 fibroblasts

ISIS 250 500 1000 2000 4000 8000  ICso

No. M nM Nm M M M (uM) 0
387916 10 9 61 85 97 99 0.79
388241 0 18 42 90 98 99 1.08
437507 1 0 32 71 92 98 1.30
ISIS 387916, ISIS 388241, ISIS 419628, ISIS 419629, 65

ISIS 419637, ISIS 436684, ISIS 443139, ISIS 444584, ISIS
444615, ISIS 444627, ISIS 444652, ISIS 444658, ISIS

48
444659, ISIS 444660, and ISIS 444661 were further tested
for their effect on human huntingtin mRNA in vitro. Cultured
GMO04281 fibroblasts at a density of 25,000 cells per well
were transfected using electroporation with 156.25 nM,
312.5 nM, 625 nM, 1250 nM, or 2500 nM of antisense oli-
gonucleotide. After a treatment period of approximately 16
hours, RNA was isolated from the cells and huntingtin mRNA
levels were measured by quantitative real-time PCR. Human
primer probe set RTS2617 was used to measure mRNA lev-
els. Huntingtin mRNA levels were adjusted according to total
RNA content, as measured by RIBOGREEN®. The results
are presented in Table 14 as percent inhibition of huntingtin
mRNA, relative to untreated control cells, and demonstrate
antisense oligonucleotide-mediated dose-dependent reduc-
tion of huntingtin mRNA levels. The data presented is the
average of two experiments. The ICs, of each antisense oli-
gonucleotide is also presented in Table 14 expressed in M.

TABLE 14

Dose dependent reduction of huntingtin

mRNA in GM04281 fibroblasts

ISIS 156.25 3125 625 1250 2500 ICsq

No M Nm M nM M (uM)
387916 19 22 44 62 85 0.73
388241 3 13 24 42 71 1.42
419628 56 45 39 71 83 0.20
419629 42 38 67 70 89 0.33
419637 24 17 32 61 77 0.91
436684 15 28 55 73 85 0.59
443139 13 45 50 64 81 0.61
444584 0 0 25 50 74 1.28
444615 36 35 37 38 70 0.12
444627 40 38 48 73 87 0.43
444652 15 28 55 73 85 0.59
444658 50 54 75 84 96 0.18
444659 47 61 69 79 93 0.18
444660 41 61 65 84 95 0.22
444661 47 59 72 84 96 0.19

ISIS 387916, ISIS 436671, ISIS 444661, ISIS 419641, and
ISIS 436665 were further tested for their effect on human
huntingtin mRNA in vitro. Cultured GM04281 fibroblasts at
a density of 25,000 cells per well were transfected using
electroporation with 13.6719 nM, 27.3438 nM, 54.6875 nM,
109.375 nM, 218.75 nM, 437.5 nM, 875 nM, 1750 nM, 3500
nM, or 7000 nM of antisense oligonucleotide. After a treat-
ment period of approximately 16 hours, RNA was isolated
from the cells and huntingtin mRNA levels were measured by
quantitative real-time PCR. Human primer probe set
RTS2617 was used to measure mRNA levels. Huntingtin
mRNA levels were adjusted according to total RNA content,
as measured by RIBOGREEN®. The results are presented in
Table 15 as percent inhibition of huntingtin mRNA, relative to
untreated control cells, and demonstrate antisense oligo-
nucleotide-mediated dose-dependent reduction of huntingtin
mRNA levels. The IC,, of each antisense oligonucleotide is
also presented in Table 15 expressed in pM.
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TABLE 15

50

Dose dependent reduction of huntingtin mRNA in GM04281 fibroblasts

ISIS  13.6719 27.3438 54.6875 109.375 21875 4375 875 1750 3500 7000 ICs,

No. nM M nM M nM nM oM oM oM M (M)
387916 0 31 14 43 44 68 86 89 97 97 031
436671 0 0 21 31 54 73 77 83 88 97 031
444661 0 10 25 53 66 73 87 96 99 99 0.16
419641 5 23 33 48 44 75 79 90 94 98 017
436665 26 37 47 44 65 83 89 94 98 98  0.07

ISIS 387916, ISIS 388241, ISIS 437168, and ISIS 437175
were further tested for their effect on human huntingtin
mRNA in vitro. Cultured GM04281 fibroblasts at a density of
25,000 cells per well were transfected using electroporation
with 250 nM, 500 nM, 1000 nM, 2000 nM, 4000 nM, and
8000 nM of antisense oligonucleotide. After a treatment
period of approximately 16 hours, RNA was isolated from the
cells and huntingtin mRNA levels were measured by quanti-
tative real-time PCR. Human primer probe set RTS2617 was
used to measure mRNA levels. Huntingtin mRNA levels were
adjusted according to total RNA content, as measured by
RIBOGREEN®. The results are presented in Table 15.1 as
percent inhibition of huntingtin mRNA, relative to untreated
control cells, and demonstrate antisense oligonucleotide-me-
diated dose-dependent reduction of huntingtin mRNA levels.
The IC,, of each antisense oligonucleotide is also presented
in Table 15.1 expressed in uM.

TABLE 15.1

Dose dependent reduction of huntingtin
mRNA in GM04281 fibroblasts

ISIS 250.0 500.0 1000.0 2000.0 4000.0 8000.0

No. nM nM nM nM nM nM ICso
387916 22 63 70 83 95 96 0.62
388241 17 45 65 87 96 97 0.56
437175 47 31 56 60 79 91 1.19
437168 32 46 64 81 89 95 0.59

ISIS 387916, ISIS 388241, ISIS 437441, and ISIS 437442
were further tested for their effect on human huntingtin
mRNA in vitro. Cultured GM04281 fibroblasts were tested in
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a similar procedure as described above. The results are pre-
sented in Table 15.3 as percent inhibition of huntingtin
mRNA, relative to untreated control cells, and demonstrate
antisense oligonucleotide-mediated dose-dependent reduc-
tion of huntingtin mRNA levels. The ICs, of each antisense
oligonucleotide is also presented in Table 15.3 expressed in
uM.

TABLE 15.3

Dose dependent reduction of huntingtin
mRNA in GM04281 fibroblasts

ISIS 250.0 500.0 1000.0 2000.0 4000.0 8000.0

No. nM nM nM nM nM nM 1Cso
387916 40 45 47 76 92 96 0.50
388241 40 37 50 90 96 97 0.80
437175 48 55 55 63 80 93 0.37
437527 33 52 61 80 86 95 0.52

B. A549 Cells

Some of the antisense oligonucleotides described in
Example 1 were tested for their effect on human huntingtin
mRNA in vitro. Cultured A549 cells at a density 04,000 cells
per well were transfected using lipofectin transfection
reagent with 7.4074 nM, 22.222 nM, 66.667 nM, or 200 nM
of antisense oligonucleotide. After a treatment period of
approximately 16 hours, RNA was isolated from the cells and
huntingtin mRNA levels were measured by quantitative real-
time PCR. Human primer probe set RTS2617 was used to
measure mMRNA levels. Huntingtin mRNA levels were
adjusted according to total RNA content, as measured by
RIBOGREEN®. Results are presented in Table 16 as percent

45
a similar procedure as described above. The results are pre- inhibition of huntingtin mRNA, relative to untreated control
sented in Table 15.2 as percent inhibition of huntingtin cells and demonstrate antisense oligonucleotide-mediated
mRNA, relative to untreated control cells, and demonstrate dose-dependent reduction of huntingtin mRNA levels. The
antisense oligonucleotide-mediated dose-dependent reduc- 1C,, of each antisense oligonucleotide is also presented in
tion of huntingtin mRNA levels. The IC,, of each antisense 5, Table 16 expressed in nM.
oligonucleotide is also presented in Table 15.2 expressed in
M. TABLE 16
Dose dependent reduction of huntingtin
TABLE 15.2 mRNA in A349 cells
55
Dose dependent reduction of huntingtin
AR i GOI28) oblat SIS as nam o sess a0 Gy
ISIS 2500 500.0 1000.0 2000.0 4000.0 8000.0 387916 B 37 76 9 13
No. nM nM nM nM nM nM ICso 419640 21 45 73 03 27
387916 26 47 58 79 91 95 065 60 419641 S %0 8 o L
388241 30 52 60 81 94 97 035 419642 30 38 83 93 16
437441 25 37 56 69 86 47 081
37442 39 43 47 70 85 30 0.9 ISIS 387916, ISIS 388241, and ISIS 437507 were further
tested for their effect on human huntingtin mRNA in vitro.
ISIS 387916, ISIS 388241, ISIS 437175, and ISIS 437527 65 Cultured A549 cells at a density of 20,000 cells per well were

were further tested for their effect on human huntingtin
mRNA in vitro. Cultured GM04281 fibroblasts were tested in

transfected using electroporation with 250 nM, 500 nM, 1000
nM, 2000 nM, 4000 nM or 8000 nM of antisense oligonucle-
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otide. After a treatment period of approximately 16 hours,
RNA was isolated from the cells and huntingtin mRNA levels
were measured by quantitative real-time PCR. Human primer
probe set RTS2617 was used to measure mRNA levels. Hun-
tingtin mRNA levels were adjusted according to total RNA
content, as measured by RIBOGREEN®. The results are
presented in Table 17 expressed as percent inhibition of hun-
tingtin mRNA, relative to untreated control cells, and dem-
onstrate antisense oligonucleotide-mediated dose-dependent
reduction of huntingtin mRNA levels. The IC;, of each anti-
sense oligonucleotide is also presented in Table 17 expressed
in uM.

TABLE 17

Dose dependent reduction of huntingtin mRNA in A549 cells

ISIS 250 500 1000 2000 4000 8000  ICso
No. M nM nM M M M (uM)
387916 15 17 25 36 52 75 3.09
388241 12 22 38 58 77 91 143
437507 25 28 38 57 58 76 1.84

C. LLC-MK2 Cells

Some of the antisense oligonucleotides described in
Example 1 and targeted to a human huntingtin nucleic acid
were tested for their effect on rhesus monkey huntingtin
mRNA in vitro. Cultured LLC-MK2 cells at a density of
25,000 cells per well were transfected using electroporation
with 625 nM, 1250 nM, 2500 nM, 5000 nM, 10,000 nM, or
20,000 nM of antisense oligonucleotide. After a treatment
period of approximately 16 hours, RNA was isolated from the
cells and huntingtin mRNA levels were measured by quanti-
tative real-time PCR. Human primer probe set RTS2686 (for-
ward sequence GTCTGAGCCTCTCTCGGTCAA, desig-
nated herein as SEQ ID NO: 40; reverse sequence
AAGGGATGCTGGGCTCTGT, designated herein as SEQ
IDNO: 41; probe sequence AGCAAAGCTTGGTGTCTTG-
GCACTGTTAGTX, designated herein as SEQ ID NO: 42)
was used to measure mRNA levels. Huntingtin mRNA levels
were adjusted according to total RNA content, as measured
by RIBOGREEN®. Results are presented in Table 18 as
percent inhibition of huntingtin mRNA, relative to untreated
control cells and demonstrate antisense oligonucleotide-me-
diated dose-dependent reduction of huntingtin mRNA levels.
The IC,, of each antisense oligonucleotide is also presented
in Table 18 expressed in uM.

TABLE 18
Dose dependent reduction of huntingtin mRNA in LL.C-MK?2 cells

ISIS 625 1250 2500 5000 10000 20000 ICsq

No. nM M M M nM nM (uM)
388241 21 12 35 46 46 94 4.1
444591 37 46 51 52 32 96 1.9
419641 32 52 69 87 94 97 1.2
444661 45 59 66 85 91 95 0.8
419642 6 3 56 81 91 98 2.9
436665 40 43 70 73 84 89 1.2
436671 31 51 68 82 90 97 1.2
436689 24 37 59 74 89 98 1.9
437507 21 15 11 33 55 92 6.4
443139 31 36 37 56 76 97 2.6

ISIS 387916, ISIS 388241, ISIS 436684, ISIS 437168,
ISIS 437175, ISIS 437441, ISIS 437507, ISIS 437527, ISIS
444578, ISIS 444584, ISIS 444591, and ISIS 444607 were
further tested for their effect on rhesus monkey huntingtin
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mRNA in vitro. Cultured LLC-MK2 cells were tested in a
similar procedure as described above. The results are pre-
sented in Table 19 as percent inhibition of huntingtin mRNA,
relative to untreated control cells, and demonstrate antisense
oligonucleotide-mediated dose-dependent reduction of hun-
tingtin mRNA levels. The IC;,, of each antisense oligonucle-
otide is also presented in Table 19 expressed in pM.

TABLE 19

Dose dependent reduction of huntingtin mRNA in LL.C-MK?2 cells

ISIS 625.0 1250.0 2500.0 5000.0 10000.0 20000.0

No. nM nM nM nM nM nM ICsq
387916 23 42 57 81 88 96 1.95
388241 6 12 37 43 62 84 5.32
437168 72 47 60 78 83 92 1.43
437175 27 48 36 56 68 78 3.58
437441 29 34 50 67 56 85 2.43
437507 18 29 18 33 45 66 6.12
437527 36 36 48 57 81 90 2.71
436684 0 12 24 29 36 49 n.d.
444578 34 40 65 74 82 87 1.70
444584 28 38 68 75 90 94 1.69
444591 25 45 55 74 85 94 1.84
444607 41 54 76 87 92 94 0.96

n.d. = ICsq could not be measured for that compound

ISIS 387916, ISIS 388241, ISIS 444608, ISIS 444615,
ISIS 444618, ISIS 444627, ISIS 444652, ISIS 444658, ISIS
444659, ISIS 444660, and ISIS 444661 were further tested
for their effect on rhesus monkey huntingtin mRNA in vitro.
Cultured LL.C-MK2 cells were tested in a similar procedure
as described above. The results are presented in Table 20 as
percent inhibition of huntingtin mRNA, relative to untreated
control cells, and demonstrate antisense oligonucleotide-me-
diated dose-dependent reduction of huntingtin mRNA levels.
The ICs, of each antisense oligonucleotide is also presented
in Table 20 expressed in pM.

TABLE 20

Dose dependent reduction of huntingtin mRNA in LLC-MK2 cells

ISIS 625.0 1250.0 2500.0 5000.0 10000.0 20000.0

No nM nM nM nM nM nM 1C50
387916 35 44 68 74 90 96 1.35
388241 23 37 54 56 68 89 2.64
444608 43 50 64 83 90 95 1.07
444615 29 45 55 76 90 97 1.67
444618 30 34 57 73 89 95 1.66
444627 35 56 76 20 97 98 1.00
444652 32 55 66 55 92 98 1.23
444658 50 62 80 20 95 97 0.55
444659 31 56 68 86 95 97 1.17
444660 38 49 62 86 89 96 1.26
444661 41 50 75 68 95 97 0.95

ISIS 387916, ISIS 419627, ISIS 419628, ISIS 419629,
ISIS 419630, ISIS 419636, ISIS 419637, ISIS 419640, ISIS
419641, and ISIS 419642 were further tested for their effect
on rhesus monkey huntingtin mRNA in vitro. Cultured LLC-
MK2 cells at a density 013,000 cells per well were transfected
using lipofectin transfection reagent with 6.25 nM, 12.5 nM,
25 nM, 50 nM, 100 nM, or 200 nM of antisense oligonucle-
otide. After a treatment period of approximately 16 hours,
RNA was isolated from the cells and huntingtin mRNA levels
were measured by quantitative real-time PCR. Human primer
probe set RTS2686 was used to measure mRNA levels. Hun-
tingtin mRNA levels were adjusted according to total RNA
content, as measured by RIBOGREEN®. Results are pre-
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sented in Table 21 as percent inhibition of huntingtin mRNA,
relative to untreated control cells, and demonstrate antisense
oligonucleotide-mediated dose-dependent reduction of hun-
tingtin mRNA levels. The IC;,, of each antisense oligonucle-
otide is also presented in Table 21 expressed in nM.

TABLE 21
Dose dependent reduction of huntingtin mRNA in LL.C-MK2 cells

ISIS 6.25 12.5 25.0 50.0  100.0  200.0

No. nM nM nM nM nM nM ICso
387916 1 37 37 53 84 90 35
419627 0 9 18 45 58 72 75
419628 9 30 49 63 73 77 31
419629 9 16 40 56 80 85 36
419630 17 8 43 58 71 81 40
419636 23 25 38 55 72 78 37
419637 10 35 31 62 78 76 33
419640 3 28 39 59 74 87 36
419641 11 34 51 65 85 87 26
419642 25 30 49 65 85 88 24

ISIS 387916, ISIS 419641, and ISIS 436689 were further
tested for their effect on rhesus monkey huntingtin mRNA in
vitro. Cultured LLC-MK2 cells at a density of 3,000 cells per
well were transfected using Lipofect AMINE2000 transfec-
tion reagent with 6.25 nM, 12.5 nM, 25 nM, 50 nM, 100 nM,
or 200 nM of antisense oligonucleotide. After a treatment
period of approximately 16 hours, RNA was isolated from the
cells and huntingtin mRNA levels were measured by quanti-
tative real-time PCR. Human primer probe set RTS2686 was
used to measure mRNA levels. Huntingtin mRNA levels were
adjusted according to total RNA content, as measured by
RIBOGREEN®. Results are presented in Table 22 as percent
inhibition of huntingtin mRNA, relative to untreated control
cells, and demonstrate antisense oligonucleotide-mediated
dose-dependent reduction of huntingtin mRNA levels. The
1C,, of each antisense oligonucleotide is also presented in
Table 22 expressed in nM.

TABLE 22

Dose dependent reduction of huntingtin mRNA in LL.C-MK2 cells

ISIS 6.25 12.5 25 50 100 200 1Csq

No M nM M oM nM nM (nM)
387916 0 50 31 68 83 90 47
419641 28 23 28 51 65 81 74
436689 16 30 29 48 67 83 69

ISIS 387916, ISIS 388241, ISIS 436665, ISIS 436671, and
ISIS 436689 were further tested for their effect on rhesus
monkey huntingtin mRNA in vitro. Cultured LL.C-MK2 cells
at a density of 3,000 cells per well were transfected using
lipofectin transfection reagent with 4.6875 nM, 9.375 nM,
18.75 nM, 37.5 nM, 75 nM, or 150 nM of antisense oligo-
nucleotide. After a treatment period of approximately 16
hours, RNA was isolated from the cells and huntingtin mRNA
levels were measured by quantitative real-time PCR. Human
primer probe set RTS2686 was used to measure mRNA lev-
els. Huntingtin mRNA levels were adjusted according to total
RNA content, as measured by RIBOGREEN®. Results are
presented in Table 23 as percent inhibition of huntingtin
mRNA, relative to untreated control cells, and demonstrate
antisense oligonucleotide-mediated dose-dependent reduc-
tion of huntingtin mRNA levels. The IC,, of each antisense
oligonucleotide is also presented in Table 23 expressed innM.
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TABLE 23

Dose dependent reduction of huntingtin mRNA in LLC-MK2 cells

ISIS 4.6875 9.375 1875 375 750 1500 ICs,

No. nM nM M M M nM (M)
387916 7 6 38 59 82 91 32
388241 0 0 5 35 62 81 60
436665 7 0 36 59 64 69 37
436671 21 7 35 59 80 86 31
436689 38 45 45 59 76 86 15

D. BACHD Transgenic Mouse Hepatocyes

Some of the antisense oligonucleotides described in
Example 1 and targeted to a human huntingtin nucleic acid
were tested for their effect on human huntingtin mRNA in
vitro. Cultured BACHD mouse hepatocytes at a density of
10,000 cells per well were transfected using cytofectin trans-
fection reagent with 7.4074 nM, 22.222 nM, 66.667 nM, or
200 nM of antisense oligonucleotide. After a treatment period
of approximately 16 hours, RNA was isolated from the cells
and huntingtin mRNA levels were measured by quantitative
real-time PCR. Human primer probe set RTS2617 was used
to measure mRNA levels. Huntingtin mRNA levels were
adjusted according to total RNA content, as measured by
RIBOGREEN®. Results are presented in Table 24 as percent
inhibition of huntingtin mRNA, relative to untreated control
cells, and demonstrate antisense oligonucleotide-mediated
dose-dependent reduction of huntingtin mRNA levels. The
data presented is the average of two experiments. The IC,, of
each antisense oligonucleotide is also presented in Table 24
expressed in nM.

TABLE 24

Dose dependent reduction of huntingtin mRNA
in BACHD transgenic murine hepatocytes

ISIS 7.4074 22.222 66.667 200.00 ICsq

No. M nM M nM (nM)
387916 8 19 58 89 40
419640 15 30 64 93 33
419641 35 73 97 31
419642 3 29 70 96 43

ISIS 387916, ISIS 388241, and ISIS 419641 were further
tested for their effect on human huntingtin mRNA in vitro.
Cultured BACHD mouse hepatocytes at a density of 10,000
cells per well were transfected using cytofectin transfection
reagent with 12.5 nM, 25 nM, 50 nM, 100 nM or 200 nM of
antisense oligonucleotide. After a treatment period of
approximately 16 hours, RNA was isolated from the cells and
huntingtin mRNA levels were measured by quantitative real-
time PCR. Human primer probe set RTS2617 was used to
measure mMRNA levels. Huntingtin mRNA levels were
adjusted according to total RNA content, as measured by
RIBOGREEN®. Results are presented in Table 25 as percent
inhibition of huntingtin mRNA, relative to untreated control
cells, and demonstrate antisense oligonucleotide-mediated
dose-dependent reduction of huntingtin mRNA levels. The
1C,, of each antisense oligonucleotide is also presented in
Table 25 expressed in nM.
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TABLE 25
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TABLE 27-continued

Dose dependent reduction of huntingtin mRNA
in BACHD transgenic murine hepatocytes

Dose dependent reduction of huntingtin mRNA
in BACHD transgenic murine hepatocytes

ISIS 12.5 25 50 100 200 ICs ISIS 6.667 20 60 180 ICsq
No. nM M Nm nM M (M) No. nM M M M (nM)
387916 0 37 51 78 91 51 419641 16 45 81 96 24
388241 0 10 45 70 922 68 419642 23 39 75 93 25
419641 17 38 70 88 9 34
10
ISIS 387916, ISIS 388241, ISIS 419641, ISIS 436665, Example 3
ISIS 436671, and ISIS 436689 were further tested for their
effect on human huntingtin mRNA in vitro. Cultured BACHD Systemic Administration of Antisense
mouse hepatocytes were tested in an identical manner as 15 Oligonucleotides Against Huntingtin mRNA in

described above. The results are presented in Table 26 as
percent inhibition of huntingtin mRNA, relative to untreated
control cells, and demonstrate antisense oligonucleotide-me-
diated dose-dependent reduction of huntingtin mRNA levels.
The ICs, of each antisense oligonucleotide is also presented
in Table 26 expressed in nM.

TABLE 26

Dose dependent reduction of huntingtin mRNA
in BACHD transgenic murine hepatocytes

ISIS 12.5 25 50 100 200 ICso

No. nM M M M M (M)
387916 19 48 64 86 93 32
388241 20 34 54 81 93 38
419641 38 54 70 85 95 21
436665 32 40 67 84 93 29
436671 32 42 58 78 91 32
436689 35 44 70 88 96 25

ISIS 387916, ISIS 419640, ISIS 419641, and ISIS 419642
were further tested for their effect on mouse huntingtin
mRNA in vitro. Cultured BACHD mouse hepatocytes at a
density of 20,000 cells per well were transfected using cyto-
fectin transfection reagent with 6.667 nM, 20 nM, 60 nM, or
180 nM of antisense oligonucleotide. After a treatment period
of approximately 16 hours, RNA was isolated from the cells
and huntingtin mRNA levels were measured by quantitative
real-time PCR. Murine primer probe set RTS2633 (forward
sequence CAGAGCTGGTCAACCGTATCC, designated
herein as SEQ ID NO: 43; reverse sequence GGCTTAAA-
CAGGGAGCCAAAA, designated hereinas SEQ IDNO: 44;
probe sequence ACTTCATGATGAGCTCGGAGT-
TCAACX, designated herein as SEQ ID NO: 45) was used to
measure mMRNA levels. Huntingtin mRNA levels were
adjusted according to total RNA content, as measured by
RIBOGREEN®. Results are presented in Table 27 as percent
inhibition of huntingtin mRNA, relative to untreated control
cells, and demonstrate antisense oligonucleotide-mediated
dose-dependent reduction of huntingtin mRNA levels. The
1C5, of each antisense oligonucleotide is also presented in
Table 27 expressed in nM.

TABLE 27

Dose dependent reduction of huntingtin mRNA
in BACHD transgenic murine hepatocytes

ISIS 6.667 20 60 180 1C5,

No. nM M M M (M)
387916 15 15 68 94 37
419640 4 39 73 94 32
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BACHD Mice

Of the about seventeen hundred newly designed antisense
compounds, sixty six compounds were selected based on in
vitro potency compared to ISIS 387916 fortesting in systemic
tolerability screens.

BACHD mice were treated with ISIS oligonucleotides and
evaluated for changes in the levels of various metabolic mark-
ers as well as inhibition of huntingtin mRNA in the liver.
Antisense oligonucleotides which caused adverse changes in
body weight, organ weight or in the levels of metabolic mark-
ers were deemed unsuitable for utilization in further studies.
Study 1.

Treatment

Nineteen groups of four BACHD mice each were injected
intraperitoneally with 12.5 mg/kg of ISIS 387916, ISIS
388241, ISIS 419629, ISIS 419637, ISIS 436684, ISIS
444578, ISIS 444584, ISIS 444591, ISIS 444607, ISIS
444608, ISIS 444615, ISIS 444618, ISIS 444627, ISIS
444652, ISIS 444658, ISIS 444659, ISIS 444660, ISIS
444661, or ISIS 444663 twice a week for 2 weeks. A control
group of four mice was injected intraperitoneally with PBS
twice a week for 2 weeks. Two days after the last dose, the
mice were anaesthetized with isoflurane and exsanguinated
for plasma collection, after which cervical dislocation was
performed and organs collected.

RNA Analysis

RNA was extracted from liver tissue for real-time PCR
analysis of huntingtin mRNA levels. Human mutant hunting-
tin mRNA levels were measured using the human primer
probe set RTS2617. Mouse normal huntingtin levels were
measured using the mouse primer probe set RTS2633.
Results are presented in Tables 28 and 29 and were calculated
as percent inhibition of human and murine huntingtin expres-
sion levels respectively, relative to the PBS control. All the
antisense oligonucleotides effect significant inhibition of
human huntingtin mRNA levels. ISIS 388241 has more than
three mismatches with the murine huntingtin mRNA (SEQ ID
NO: 3) and therefore did not show significant inhibition of
murine mRNA levels compared to the control.

TABLE 28

Percent inhibition of human huntingtin
mRNA in BACHD mice

ISIS %

No. inhibition
387916 82
388241 52
419629 30
419637 33
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TABLE 28-continued

58
TABLE 30-continued

Percent inhibition of human huntingtin

Percent change in organ weight of BACHD mice

mRNA in BACHD mice after antisense oligonucleotide treatment
ISIS % 5 ISIS No. Liver Spleen Kidney
No. inhibition
444658 -1 0 -16
436684 55 444659 +1 +15 -2
444578 70 444660 -5 +4 -6
444584 62 444661 -1 +7 -1
444591 54 10 444663 +7 +10 +8
444607 76
444608 61
444615 89 Evaluation of Liver Function
444618 o1 To evaluate the impact of ISIS oligonucleotides on the
444627 92 . . . .
444652 79 hepatic function of the mice described above, plasma concen-
15 . . .
444658 62 trations of transaminases were measured using an automated
ﬁigzg 22 clinical chemistry analyzer (Hitachi Olympus AU400e,
444661 7 Melville, N.Y.). Measurements of alanine transaminase
444663 77 (ALT) and aspartate transaminase (AST) are expressed in
50 1U/L and the results are presented in Table 31.
TABLE 29 TABLE 31
Percent inhibition of murine huntingtin Effect Oiinii?;i oillégﬁglelrcflcigzﬁreatment
mRNA in BACHD mice 25
ISIS o ALT AST
No. inhibition PBS 40 69
387916 -7 387916 69 84
388241 42 76
419629 75
419629 51 71
419637 87 30
419637 59 86
436684 32
436684 60 87
444578 64
444578 62 93
444584 20
444584 48 76
444591 32
444591 39 53
444607 76
44608 66 444607 51 111
35 444608 48 75
444615 60
444615 74 95
444618 88
444618 687 908
444627 58
444627 105 127
444652 66
444652 54 64
444658 53
144659 o 444658 46 59
40 444659 90 138
444660 47
444660 34 64
444661 67
144663 60 444661 49 99
444663 90 164
Organ Weight Measurements 45 Study 2
Liver, spleen and kidney weights were measured at the end Treatment
of'the study, and are presented in Table 30 as a percent of the Fourteen groups of four BACHD mice each were injected
saline control normalized to body weight. intraperitoneally with 12.5 mg/kg or 50 mg/kg of ISIS
419581, ISIS 419602, ISIS 419628, ISIS 419629, ISIS
TABLE 30 50 419640, ISIS 419641, or ISIS 419642 twice a week for 2
weeks. A group of four BACHD mice was injected intraperi-
Percent change in organ weight of BACHD mice g P J P
after antisense oligonucleotide treatment toneally with 12.5 mg/kg of ISIS 387916 twice a week for 2
weeks. A control group of four mice was injected intraperi-
ISIS No. Liver Spleen Kidney o toneally with PBS twice a week for 2 weeks. Two days after
187916 _5 _13 6 the last dose, the mice were anaesthetized with isoflurane and
388241 -1 +14 -5 exsanguinated for plasma collection, after which cervical
ﬁggg? i’é j; :; dislocation was performed and organs collected.
436684 -2 -3 +6 RNA Analysis
444578 +11 +18 +1 co RNA was extracted from liver tissue for real-time PCR
444584 +8 +34 +1 analysis of huntingtin mRNA levels. Human mutant hunting-
444591 +4 -4 -3 . level 4 usine the h .
444607 +3 2 -8 tin mRNA levels were measured using t ¢ human primer
444608 +6 +18 -3 probe set RTS2617. Mouse normal huntingtin levels were
iﬁgg JI? +é +; measured using the mouse primer probe set RTS2633.
+ + - .
444627 3 14 14 65 Results are. pre.:sgr.lted in Tables 32 and 3.3 and Wf:re c.alculated
444652 11 -4 -18 as percent inhibition of human and murine huntingtin expres-

sion levels respectively, relative to the PBS control.
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TABLE 32
Percent inhibition of human huntingtin
mRNA in BACHD mice

ISIS Dose %
No. (mg/kg) inhibition

387916 12.5 71

419581 12.5 54

50 68

419602 12.5 72

50 77

419628 12.5 65

50 76

419629 12.5 87

50 93

419640 12.5 69

50 79

419641 12.5 61

50 80

419642 12.5 76

50 83

TABLE 33
Percent inhibition of murine huntingtin
mRNA in BACHD mice

ISIS Dose %
No. (mg/kg) inhibition

387916 12.5 70

419581 12.5 42

50 86

419602 12.5 77

50 85

419628 12.5 67

50 86

419629 12.5 90

50 93

419640 12.5 63

50 84

419641 12.5 52

50 81

419642 12.5 56

50 83

Organ Weight Measurements

Liver, spleen and kidney weights were measured at the end
of'the study, and are presented in Table 34 as a percent of the
saline control normalized to body weight.

TABLE 34

Percent change in organ weight of BACHD mice
after antisense oligonucleotide treatment

ISIS Dose
No. (mg/kg) Liver Spleen Kidney
387916 125 -9 3 -4
419581 125 -2 -6 -1
50 14 -1 -11
419602 125 10 1 -2
50 28 9 -3
419628 125 -2 -7 -2
50 -3 7 -9
419629 125 -7 -5 -10
50 16 0 -8
419640 125 -5 -2 -8
50 1 -20 -4
419641 125 -7 -10 -11
50 -2 -13 -9
419642 125 -11 -21 -19
50 -1 -8 -9
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Evaluation of Liver Function

To evaluate the impact of ISIS oligonucleotides on the
hepatic function of the mice described above, plasma concen-
trations of transaminases were measured using an automated
clinical chemistry analyzer (Hitachi Olympus AU400e,
Melville, N.Y.). Measurements of ALT and AST are
expressed in IU/Land the results are presented in Table 35.

TABLE 35
Effect of antisense oligonucleotide treatment
on markers of liver function

Dose
(mg/kg) ALT AST
PBS 44 80
387916 12.5 44 75
419581 12.5 56 101
50 390 281
419602 12.5 86 108
50 240 229
419628 12.5 52 110
50 51 73
419629 12.5 104 118
50 1262 1150
419640 12.5 36 65
50 38 55
419641 12.5 56 103
50 57 172
419642 12.5 40 64
50 47 101

Study 3
Treatment
Eighteen groups of four BACHD mice each were injected

intraperitoneally with 12.5 mg/kg or 50 mg/kg of ISIS
388250, ISIS 388251, ISIS 388263, ISIS 388264, ISIS
419641, ISIS 436645, ISIS 436649, ISIS 436668, or ISIS
436689 twice a week for 2 weeks. A group of four BACHD
mice was injected intraperitoneally with 12.5 mg/kg of ISIS
388241 twice a week for 2 weeks. A control group of four
mice was injected intraperitoneally with PBS twice a week
for 2 weeks. Two days after the last dose, the mice were
anaesthetized with isoflurane and exsanguinated for plasma
collection, after which cervical dislocation was performed
and organs collected.

RNA Analysis

RNA was extracted from liver tissue for real-time PCR
analysis of huntingtin mRNA levels. Human mutant hunting-
tin mRNA levels were measured using the human primer
probe set RTS2617. Mouse normal huntingtin levels were
measured using the mouse primer probe set RTS2633.
Results are presented in Tables 36 and 37 and were calculated
as percent inhibition of human and murine huntingtin expres-
sion levels respectively, relative to the PBS control. All the
antisense oligonucleotides effect significant inhibition of
human huntingtin mRNA levels. ISIS 388241, ISIS 388250,
ISIS 388251, ISIS 388263, ISIS 388264, and ISIS 436645
have more than three mismatches with the murine huntingtin
mRNA (SEQ ID NO: 3) and therefore did not show signifi-
cant inhibition of murine mRNA levels compared to the con-
trol. ISIS 436649 and ISIS 436689 have three mismatches
with the murine huntingtin mRNA (SEQ ID NO: 3) and
therefore did not show significant inhibition of murine
mRNA levels compared to the control.
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TABLE 36
Percent inhibition of human huntingtin
mRNA in BACHD mice

ISIS Dose %
No. (mg/kg) inhibition

388241 12.5 32

388250 12.5 21

50 45

388251 12.5 30

50 34

388263 12.5 29

50 35

388264 12.5 35

50 42

419641 12.5 71

50 73

436645 12.5 43

50 48

436649 12.5 40

50 38

436668 12.5 45

50 69

436689 12.5 62

50 78

TABLE 37
Percent inhibition of murine huntingtin
mRNA in BACHD mice

ISIS Dose %
No. (mg/kg) inhibition

419641 12.5 68

50 77

436668 12.5 41

50 62

Organ Weight Measurements

Liver, spleen and kidney weights were measured at the end
of the study, and are presented in Table 38 as a percent of the
saline control normalized to body weight. Mice treated with
ISIS 388263 and ISIS 436645 suffered increases in liver
weight at the 50 mg/kg dose compared to the PBS control.

TABLE 38

Percent change in organ weight of BACHD mice
after antisense oligonucleotide treatment

ISIS Dose
No. (mg/kg) Liver Spleen Kidney
388241 125 1 6 9
388250 125 2 1 -2
50 1 30 3
388251 125 4 -8 1
50 19 19 2
388263 125 4 8 9
50 23 52 1
388264 125 2 -2 3
50 12 9 6
419641 125 -1 -9 3
50 2 -4 3
436645 125 8 6 5
50 26 25 9
436649 125 1 0 6
50 0 1 3
436668 125 1 5 10
50 -2 3 11
436689 125 -3 -5 4
50 6 11 5
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Evaluation of Liver Function

To evaluate the impact of ISIS oligonucleotides on the
hepatic function of the mice described above, plasma concen-
trations of transaminases were measured using an automated
clinical chemistry analyzer (Hitachi Olympus AU400e,
Melville, N.Y.). Measurements of alanine transaminase
(ALT) and aspartate transaminase (AST) are expressed in
TU/L and the results are presented in Table 39.

TABLE 39
Effect of antisense oligonucleotide treatment
on markers of liver function

Dose
(mg/kg) ALT AST
PBS 43 76
388241 12.5 43 88
388250 12.5 37 55
50 44 89
388251 12.5 42 98
50 67 91
388263 12.5 51 90
50 55 93
388264 12.5 31 59
50 65 90
419641 12.5 39 70
50 42 83
436645 12.5 43 82
50 179 143
436649 12.5 35 47
50 38 76
436668 12.5 36 73
50 28 57
436689 12.5 31 52
50 49 164

Study 4
Treatment

Eighteen groups of four BACHD mice each were injected
intraperitoneally with 12.5 mg/kg or 50 mg/kg of ISIS
388241, ISIS 437123, ISIS 437132, ISIS 437140, ISIS
437442, 1SIS 437446, ISIS 437477, ISIS 437478, or ISIS
437490 twice a week for 2 weeks. A group of four BACHD
mice was injected intraperitoneally with 12.5 mg/kg of ISIS
387916 twice a week for 2 weeks. A control group of four
mice was injected intraperitoneally with PBS twice a week
for 2 weeks. Two days after the last dose, the mice were
anaesthetized with isoflurane and exsanguinated for plasma
collection, after which cervical dislocation was performed
and organs collected.

RNA Analysis

RNA was extracted from liver tissue for real-time PCR
analysis of huntingtin mRNA levels. Human mutant hunting-
tin mRNA levels were measured using the human primer
probe set RTS2617. Mouse normal huntingtin levels were
measured using the mouse primer probe set RTS2633.
Results are presented in Tables 40 and 41 and were calculated
as percent inhibition of human and murine huntingtin expres-
sion levels respectively, relative to the PBS control. ISIS
388241 and ISIS 437490 have more than three mismatches
with the murine huntingtin mRNA (SEQ ID NO: 3) and
therefore did not show significant inhibition of murine
mRNA levels compared to the control. ISIS 437132 has three
mismatches with the murine huntingtin mRNA (SEQ ID NO:
3) and therefore did not show significant inhibition of murine
mRNA levels compared to the control. ISIS 437123 and ISIS
437140 have two mismatches with the murine huntingtin
mRNA (SEQ ID NO: 3) and do not show significant inhibi-
tion of murine mRNA levels compared to the control.
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TABLE 40

64
TABLE 42-continued

Percent inhibition of human huntingtin

Percent change in organ weight of BACHD mice

mRNA in BACHD mice after antisense oligonucleotide treatment
ISIS Dose % 5 ISIS Dose
No. (mg/kg) inhibition No. (mg/kg) Liver Spleen Kidney
387916 12.5 51 437490 12.5 -5 0 -5
388241 12.5 47 50 -7 3 -9
50 67
437123 12.5 0 10 ) ) )
50 21 Evaluation of Liver Function
437132 12.5 31 To evaluate the impact of ISIS oligonucleotides on the
437140 fg S 3; hepatic function of the mice described above, plasma concen-
0 9 trations of transaminases were measured using an automated
437442 125 2 clinical chemistry analyzer (Hitachi Olympus AU400e,
50 85 13 Melville, N.Y.). Measurements of alanine transaminase
437446 125 39 (ALT) and aspartate transaminase (AST) are expressed in
50 70 TU/L and the results are presented in Table 43.
437477 12.5 52
50 75
437478 12.5 54 20 TABLE 43
30 78 Effect of antisense oligonucleotide
437490 125 42 treatment on markers of liver function
50 4
Dose
(mg/kg) ALT AST
25
TABLE 41 PBS 32 58
387916 12.5 40 122
Percent inhibition of murine huntingtin 388241 12.5 39 93
mRNA in BACHD mice 50 28 62
437123 12.5 38 88
ISIS Dose % 30 50 34 66
No. (mg/kg) inhibition 437132 12.5 34 52
50 30 52
387916 12.5 43 437140 12.5 30 62
437442 12.5 27 50 40 63
50 76 437442 12.5 40 106
437446 12.5 38 35 50 63 119
50 71 437446 12.5 35 119
437477 12.5 63 50 35 89
50 87 437477 12.5 39 68
437478 12.5 60 50 52 162
50 89 437478 12.5 37 53
50 55 71
40 437490 12,5 48 71
Organ Weight Measurements > . >
Liver, spleen and kidney weights were measured at the end Study 5
of'the study, and are presented in Table 42 as a percent of the Treatyment
saline control normalized to body weight. 45 FEleven groups of four BACHD mice each were injected
intraperitoneally with 12.5 mg/kg of ISIS 388241, ISIS
TABLE 42 419640, ISIS 419641, ISIS 419642, ISIS 436665, ISIS
Percent change | ieht of BACHD mi 436671, ISIS 436689, ISIS 437507, ISIS 443139, ISIS
ercent change 1n organ wel ) mice .
after antisense oligonucleotide treatment 444591, or ISIS.444661 .tv.wce a Week foF 2 weeks. A control
50 group of four mice was injected intraperitoneally with phos-
ISIS Dose . . phate buffered saline (PBS) twice a week for 2 weeks. Two
No. (mg/kg) Liver Spleen Kidney days after the last dose, the mice were anaesthetized with
387916 125 1 6 12 isoflurane and exsanguinated for plasma collection, after
388241 12.5 -3 16 -2 which cervical dislocation was performed and organs col-
50 -6 10 0 55 lected.
43723 éé's _i 8 _i RNA Analysis
437132 125 ) -3 _5 RNA was extracted from liver tissue for real-time PCR
50 2 -6 -2 analysis of huntingtin mRNA levels. Human mutant hunting-
437140 12.5 -4 11 -3 tin mRNA levels were measured using the human primer
437442 fg 5 _18 g _g 60 probe set RTS2617. Mouse normal huntingtin levels were
50 _3 -20 _10 measured using the mouse primer probe set RTS2633.
437446 12.5 -6 7 2 Results are presented in Tables 44 and 45 and were calculated
50 -4 1 -1 as percent inhibition of human and murine huntingtin expres-
437477 ié's 2§ :; _2 sion levels respectively, relative to the PBS control. All the
437478 125 _7 4 9 65 antisense oligonucleotides effect significant inhibition of
50 22 4 3 human huntingtin mRNA levels. ISIS 388241, ISIS 437507,

and ISIS 443139 have more than three mismatches with the
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murine huntingtin mRNA (SEQ ID NO: 3) and therefore do
not show significant inhibition of murine mRNA levels com-
pared to the control. ISIS 436689 has 3 mismatches with the
murine huntingtin mRNA (SEQ ID NO: 3) and does not show
significant inhibition of murine mRNA levels compared to
the control.

TABLE 44
Percent inhibition of human huntingtin
mRNA in BACHD mice
ISIS No. % inhibition
388241 53
419640 34
419641 63
419642 55
436665 63
436671 66
436689 57
437507 54
443139 39
444591 48
444661 50

TABLE 45
Percent inhibition of murine huntingtin
mRNA in BACHD mice

ISIS No. % inhibition
419640 24
419641 51
419642 34
436665 49
436671 63
444591 41
444661 46

Body Weight and Organ Weight Measurements

The body weights of the mice were measured at the onset of
the study and subsequently twice a week. The body weights
of the mice are presented in Table 46 and are expressed as a
percent change over the weights taken at the start of the study.
The results indicate that treatment with these oligonucle-
otides did not cause any adverse change in body weight of the
mice throughout the study.

TABLE 46

Percent change in body weight of BACHD

mice after antisense oligonucleotide treatment
day 4 day 7 day 10 day 12

PBS -3 0 +2 +1
ISIS 388241 -2 -1 -1 +1
ISIS 419640 +1 0 +3 +4
ISIS 419641 +1 +1 +2 0
ISIS 419642 -3 -2 +1 -5
ISIS 436665 +1 +4 +5 +1
ISIS 436671 +1 +2 +5 +4
ISIS 436689 +1 +3 0 -1
ISIS 437507 -1 -2 +2 -2
ISIS 443139 -2 +6 +4 +1
ISIS 444591 -1 +1 +2 0
ISIS 444661 +1 +3 +2 0

Liver, spleen and kidney weights were measured at the end
of'the study, and are presented in Table 47 as a percent of the
saline control normalized to body weight.
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TABLE 47

Percent change in organ weight of BACHD
mice after antisense oligonucleotide treatment

ISIS No. Liver Spleen Kidney
388241 +2 +13 -7
419640 -2 +12 -12
419641 +4 +3 -13
419642 +5 +19 -8
436665 -3 +3 -13
436671 0 +1 -18
436689 -6 -10 -12
437507 -5 -5 -14
443139 -2 -9 -13
444591 -2 -10 -12
444661 0 -16 -12

Evaluation of Liver Function

To evaluate the impact of ISIS oligonucleotides on the
hepatic function of the mice described above, plasma concen-
trations of transaminases were measured using an automated
clinical chemistry analyzer (Hitachi Olympus AU400e,
Melville, N.Y.). Measurements of ALT and AST are
expressed in [U/L. Plasma levels of bilirubin and albumin
were also measured using the same clinical chemistry ana-
lyzer and expressed in g/dL. The results are presented in Table
48.

TABLE 48

Effect of antisense oligonucleotide
treatment on markers of liver function

ALT AST Bilirubin Albumin

PBS 425 86.5 0.2 3.1
ISIS 388241 39.3 54.5 0.3 3.0
ISIS 419640 36.8 85.8 0.2 2.9
ISIS 419641 50.0 71.8 0.2 3.0
ISIS 419642 42.8 77.0 0.1 3.0
ISIS 436665 51.5 123.0 0.2 3.0
ISIS 436671 52.0 71.0 0.1 3.0
ISIS 436689 38.3 75.3 0.2 3.1
ISIS 437507 37.0 71.5 0.1 3.0
ISIS 443139 413 124.8 0.2 3.0
ISIS 444591 46.5 61.3 0.2 3.0
ISIS 444661 67.5 109.8 0.2 3.1

Measurement of Kidney Function

To evaluate the impact of ISIS oligonucleotides on the
kidney function of mice described above, plasma concentra-
tions of blood urea nitrogen (BUN) and creatinine were mea-
sured using an automated clinical chemistry analyzer (Hita-
chi Olympus AU400e, Melville, N.Y.). Results are presented
in Table 49 expressed in mg/dL..

TABLE 49

Effect of antisense oligonucleotide treatment
on markers of kidney function

BUN Creatinine

PBS 24.0 0.17
ISIS 388241 22.6 0.17
ISIS 419640 21.4 0.16
ISIS 419641 19.9 0.16
ISIS 419642 23.6 0.18
ISIS 436665 20.2 0.17
ISIS 436671 22.6 0.17
ISIS 436689 19.2 0.18
ISIS 437507 19.9 0.16
ISIS 443139 23.3 0.16
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TABLE 49-continued

Effect of antisense oligonucleotide treatment
on markers of kidney function

BUN Creatinine
ISIS 444591 23.5 0.18
ISIS 444661 25.4 0.18

Measurement of Other Metabolic Parameters

To evaluate the impact of ISIS oligonucleotides on other
metabolic functions in mice described above, plasma concen-
trations of glucose, cholesterol and triglycerides were mea-
sured using an automated clinical chemistry analyzer (Hita-
chi Olympus AU400e, Melville, N.Y.). Results are presented
in Table 50 expressed in mg/dL. and demonstrate that treat-
ment with these oligonucleotides did not cause any adverse
changes in the levels of these metabolic markers between the
control and treatment groups.

TABLE 50

Effect of antisense oligonucleotide
treatment on metabolic markers

Glucose Cholesterol Triglycerides

PBS 198 142 225
ISIS 388241 197 133 185
ISIS 419640 198 132 189
ISIS 419641 188 140 219
ISIS 419642 184 128 192
ISIS 436665 199 134 152
ISIS 436671 196 148 174
ISIS 436689 194 132 174
ISIS 437507 198 139 155
ISIS 443139 178 122 239
ISIS 444591 202 145 263
ISIS 444661 180 140 247

Example 4

Bolus Administration of Antisense Oligonucleotides
Against Huntingtin mRNA to the Striatum of
BACHD Mice

BACHD mice were treated with ISIS oligonucleotides via
bolus administration to a defined mouse brain area, the stria-
tum, for the purpose of screening the activity of the oligo-
nucleotides in brain tissue against human and mouse hunting-
tin mRNA expression.

Treatment and Surgery

Groups of four BACHD mice each were administered with
ISIS 388241, ISIS 419628, ISIS 419637, ISIS 419640, ISIS
419641, ISIS 419642, ISIS 436665, ISIS 436671, ISIS
436684, ISIS 436689, ISIS 436754, ISIS 437168, ISIS
437175, ISIS 437441, ISIS 437442, ISIS 437507, ISIS
437527, ISIS 443139, ISIS 444578, ISIS 444584, ISIS
444591, ISIS 444607, ISIS 444608, ISIS 444615, ISIS
444618, ISIS 444627, ISIS 444652, ISIS 444658, ISIS
444659, ISIS 444660, ISIS 444661 or ISIS 444663 delivered
as a single bolus injection at 3 pug, 10 pg or 25 pg concentra-
tions into the striatum.

A control group of 4 BACHD mice were similarly treated
with PBS. ISIS 388241 was administered in seven groups of
4 mice each and the results presented are the average of the
data derived from the 28 mice. ISIS 419628 was administered
in 2 groups of 4 BACHD mice each and the results presented
are the average of the data derived from the 8 mice. Seven
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days after the bolus administration, the mice were euthanized
using isoflurane and the organs were removed. The animals
were decapitated and the brain was removed for dissection of
the striatal tissue.

RNA Analysis

RNA was extracted from striatal tissue for real-time PCR
analysis of huntingtin mRNA levels. Human mutant hunting-
tin mRNA levels were measured using the human primer
probe set RTS2617. Mouse normal huntingtin mRNA levels
were measured using the murine primer probe set RTS2633.
The results for human huntingtin mRNA levels are presented
in Table 51 and are expressed as percent inhibition compared
to the PBS control group. All the antisense oligonucleotides
effect dose-dependent inhibition of human huntingtin mRNA
levels. The results for murine huntingtin mRNA levels are
presented in Table 52 and are expressed as percent inhibition
compared to the PBS control group.

The effective doses (EDs,) of each oligonucleotide for
human huntingtin mRNA and mouse huntingtin mRNA were
calculated by plotting the concentrations of oligonucleotides
used versus the percent inhibition of huntingtin mRNA
expression levels of either species and noting the concentra-
tions at which 50% inhibition of huntingtin mRNA expres-
sion was achieved for each species compared to the corre-
sponding controls. The ED,, (ug) for each antisense
oligonucleotide is also presented in Tables 51 and 52 for
human and murine huntingtin mRNA respectively.

ISIS 388241, ISIS 436684, ISIS 436754, ISIS 437175,
ISIS 437507, ISIS 443139, and ISIS 444584 are each mis-
matched by 8 base pairs or more with murine huntingtin
mRNA (SEQ ID NO: 3) and therefore do not show significant
inhibition of murine mRNA levels compared to the control.
ISIS 437168 and ISIS 437441 have 2 mismatches each with
the murine huntingtin mRNA (SEQ ID NO: 3) and do not
show significant inhibition of murine mRNA levels compared
to the control. ISIS 436689 has 3 mismatches with the murine
huntingtin mRNA (SEQ ID NO: 3) and does not show sig-
nificant inhibition of murine mRNA levels compared to the
control.

TABLE 51

Percent inhibition of human huntingtin mRNA levels
in vivo and ED 5, of the antisense oligonucleotides

ISIS No. 3 mg 10 mg 25 mg EDsq
388241 33 55 68 7.4
419628 49 58 83 5.1
419637 40 62 79 6.1
419640 52 64 71 4.8
419641 71 71 89 2.2
419642 67 70 83 3.0
436665 52 71 60 5.8
436671 68 80 84 2.4
436684 2 18 37 36.9
436689 27 63 81 7.0
436754 31 54 61 10.5
437168 2 49 60 15.2
437175 0 53 64 12.9
437441 3 32 38 35.3
437442 38 50 56 11.9
437507 38 59 79 6.6
437527 37 47 59 11.9
443139 39 61 70 6.7
444578 51 66 75 4.6
444584 30 63 71 7.8
444591 60 54 70 5.6
444607 57 69 75 3.2
444608 67 68 82 3.1
444615 47 55 91 5.2
444618 57 64 83 4.0
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TABLE 51-continued

Percent inhibition of human huntingtin mRNA levels
in vivo and EDs, of the antisense oligonucleotides

70

A control group of 4 rats were similarly treated with PBS.
A group of 4 rats were similarly treated with ISIS 104838, an
antisense oligonucleotide against TNF-c, as a negative con-
trol group. ISIS 387916 was administered in four groups of 4

ISIS No. 3mg 10 mg 25 mg EDsq rats each and the results presented are an average of the data
w1262 - - o1 o derived from the 16 rats. ISIS 419628 was administered in
444652 36 62 66 78 two groups of 4 rats each and the results presented are the
444658 60 66 79 3.6 average of the data from the 8 rats. ISIS 419629, ISIS 444584
444659 61 67 84 3.4 and ISIS 444618, which had toxic indicators in the systemic
444660 35 62 66 42 10 administration study (Example 3) were also tested in this
444661 48 57 70 64 . .
444663 2 60 30 55 study. Seven days after bolus administration, the rats were
euthanized using isoflurane and the organs were removed.
The animals were decapitated and the brain was removed for
dissection of the striatal tissue.
TABLE 52 15 RNA Analysis of ATF1 Expression Levels
o . o RNA was extracted from striatal tissue for real-time PCR
P nhib f h RNA level
T;Cfinvtolanii Eﬁgnﬁ"ofrgﬁfniisgﬂszﬁgﬁmleoﬁ?; ) analysis of AIF1 mRNA levels. Rat AIF1 levels were mea-
sured using the rat primer probe set rAifl_L'TS00219 (for-
ISISNo.  3mg 10mg 25mg EDso ward sequence AGGAGAAAAACAAAGAACACCAGAA,
419628 50 55 33 51 20 designated herein as SEQ ID NO: 46; reverse sequence
419637 63 79 86 2.6 CAATTAGGGCAACTCAGAAATAGCT, designated herein
419640 51 60 86 4.9 as SEQ ID NO: 47; probe sequence CCAACTGGTC-
ﬁggg gg §§ g; ;; CCCCAGCCAAGAX, designated herein as SEQ ID NO:
236665 68 & 66 57 48). Results were calculated as the percentage of AIF1
436671 75 87 90 2 25 expression over that of the PBS control and are presented in
437442 30 53 82 9 Table 53.ISIS 419629, ISIS 444584, and ISIS 444618, which
437527 67 73 20 27 had toxic indicators in the systemic administration study (in
444578 50 65 74 4.9 A L
444591 69 69 81 28 Example 3), also had toxic indicators in this study (greater
444607 57 70 75 3.8 than 300% above saline control). Later studies showed that
444608 70 72 90 2.5 30 ISIS 444584 is neurotolerable and exhibits negligible toxic
444615 30 37 88 23 indicators (see Example 16 and 17).
444618 66 71 90 2.8
444627 41 60 57 8.8
444652 47 62 66 47 TABLE 53
444658 60 62 85 3.9
444659 54 62 85 4.2 35 Percent expression of AIF1 mRNA levels
444660 42 48 64 9.5 in vivo as a measure of neurotoxicity
444661 49 57 74 59
444663 42 65 84 5.1 ISIS No. % expression
104838 111
The ten compounds marked with an asterisk had an , 387916 870
improved ED50 over ISIS 388241. 388241 236
419627 168
419628 497
Example 5 419629 247
) 419630 227
Assay for Neurotoxic Effects of Bolus 419636 464
Administration of Antisense Oligonucleotides in the 43 419637 275
Striatal Tissue of Rats 419640 305
419641 206
About 30 compounds were selected as having high toler- 2222 ;E
ability and high potency. Compounds were then tested by 436668 447
CNS bolus injection in rat to further assess neurotoxicity. 50 436671 239
Sprague-Dawley rats each were treated with ISIS oligo- 436684 700
; . . . . 436689 149
nucleotides via bolus administration to a defined brain area, 136754 125
the striatum, for the purpose of screening for the induction of 437168 130
the microglial marker AIF1 as a measure of CNS toxicity. 437175 131
Treatment and Surgery 55 437441 158
Groups of four Sprague-Dawley rats were administered jg;gg? g;
with ISIS 387916, ISIS 388241, ISIS 419627, ISIS 419628, 437527 184
ISIS 419629, ISIS 419630, ISIS 419636, ISIS 419637, ISIS 443139 143
419640, ISIS 419641, ISIS 419642, ISIS 436665, ISIS 444578 352
436668, ISIS 4196671, ISIS 436684, ISIS 436689, ISIS 60 PR .
436754, ISIS 443168, ISIS 437175, ISIS 437441, ISIS 244607 362
437442, ISIS 437507, ISIS 437527, ISIS 443139, ISIS 444608 476
444578, ISIS 444584, ISIS 444591, ISIS 444607, ISIS 444615 645
444608, SIS 444615, ISIS 444618, 1SIS 444627, 1SIS PRy pod
444652, ISIS 444658, ISIS 444659, ISIS 444660, ISIS 65 444652 336
444661, or ISIS 444663 delivered as a single bolus injection 444658 364

at 50 pug concentration into the striatum.
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TABLE 53-continued

Percent expression of AIF1 mRNA levels

in vivo as a measure of neurotoxicity

ISIS No. % expression
444659 319
444660 411
444661 249
444663 448

RNA Analysis of Huntingtin Expression Levels

RNA was extracted from striatal tissue for real-time PCR
analysis of huntingtin mRNA levels. Rat huntingtin mRNA
levels were measured using the rat primer probe set rHtt_
LTS00343 (forward sequence CAGAGCTGGTGAACCG-
TATCC, designated herein as SEQ ID NO: 49; reverse
sequence GGCTTAAGCAGGGAGCCAAAA, designated
herein as SEQ ID NO: 50; probe sequence ACTTCATGAT-
GAGCTCGGAGTTCAACX, designated herein as SEQ ID
NO: 51). Results were calculated as the percentage reduction
of huntingtin expression over that of the PBS control and are
presented in Table 54. ISIS 388241, ISIS 436684, ISIS
436754, 1SIS 437175, 1SIS 437507, and ISIS 443139 are each
mismatched by 6 base pairs or more with the rat gene
sequence (SEQ ID NO: 5) and therefore do not show signifi-
cant inhibition of rat mRNA levels compared to the control.
ISIS 419640, ISIS 419641, ISIS 419642, ISIS 436663, ISIS
436668, ISIS 437442, ISIS 444615, and ISIS 444627 have 1
mismatch each with the rat gene sequence (SEQ ID NO: 5)
and do not show significant inhibition of rat mRNA levels
compared to the control. ISIS 437168 and ISIS 437441 have
2 mismatches each with the rat gene sequence (SEQ ID NO:
5) and do not show significant inhibition of rat mRNA levels
compared to the control. ISIS 436689 and ISIS 444584 have
3 mismatches each with the rat gene sequence (SEQ ID NO:
5) and do not show significant inhibition of rat mRNA levels
compared to the control.

TABLE 54

Percent reduction of rat huntingtin
mRNA levels in rats

ISIS No. % reduction
387916 70
419627 67
419628 57
419629 85
419630 11
419636 53
419637 84
436671 77
437527 86
444578 72
444591 35
444607 57
444608 68
444618 56
444652 75
444658 61
444659 55
444660 63
444661 52
444663 59
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Example 6

Intracerebroventricular Administration of Antisense
Oligonucleotides Against Huntingtin
mRNA-Tolerability Study in BACHD Mice

Selected compounds were compared with previously
designed compound ISIS 388241 by ICV administration in
BACHD mice.

Selected compounds plus the benchmark 388241 were
selected based on in vitro and systemic potency and systemic
tolerability as well as CNS potency and tolerability.

BACHD mice were treated with ISIS oligonucleotides via
intracerebroventricular (ICV) administration to a defined
mouse brain area, the right lateral ventricle, for the purpose of
evaluating the tolerability of ICV dosing in mice.

Treatment and Surgery

Groups of five BACHD mice each were administered ISIS
388241, ISIS 437507, ISIS 443139, ISIS 419640, ISIS
419641, ISIS 419642, ISIS 444591, ISIS 436665, ISIS
436671, ISIS 444661, or ISIS 436689 at 150 ng/day delivered
ICV with Alzet 2002 pumps at the rate of 12 pl./day for 2
weeks. A control group of 4 BACHD mice were similarly
treated with PBS. The mice were surgically implanted with
the pumps in the following manner: Mice were individually
anaesthetized with 3% isoflurane for pump implantation.
After two weeks, the mice were anesthetized again and the
pump was surgically removed. The animals were then
allowed to recover for two more weeks before being eutha-
nized.

Thebody weights of the mice were taken weekly during the
treatment and recovery periods. After 4 weeks, the mice were
euthanized using isoflurane and decapitated. The brain was
removed for tissue acquisition from the anterior and posterior
sections.

RNA Analysis

RNA was extracted from the right hemisphere of the ante-
rior cortex and the posterior cerebellar section of the cannu-
lation site for real-time PCR analysis of huntingtin mRNA
levels. Human mutant huntingtin mRNA levels were mea-
sured using the human primer probe set RTS2617. Mouse
normal huntingtin mRNA levels were measured using the
murine primer probe set RTS2633. Results were calculated as
percent inhibition of human and murine huntingtin mRNA
expression compared to the control and are presented in
Tables 56 and 57 respectively. All the antisense oligonucle-
otides effect significant inhibition of human huntingtin
mRNA levels. ISIS 388241, ISIS 437507, and ISIS 443139
are each mismatched by 8 base pairs or more with the murine
huntingtin mRNA (SEQ ID NO: 3) and therefore do not show
significant inhibition of murine mRNA levels compared to
the control. ISIS 444591 has 1 mismatch with the murine
huntingtin mRNA (SEQ ID NO: 3) and does not show sig-
nificant inhibition of murine mRNA levels compared to the
control. ISIS 436689 has 3 mismatches with the murine hun-
tingtin mRNA (SEQ ID NO: 3) and does not show significant
inhibition of murine mRNA levels compared to the control.

TABLE 56

Percent reduction of human huntingtin mRNA levels in BACHD
mice via ICV administration of antisense oligonucleotides

ISIS Number Anterior Posterior

No. of mice cortex cortex
388241 3 32 70
419640 1 60 46
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TABLE 56-continued

Percent reduction of human huntingtin mRNA levels in BACHD

mice via ICV administration of antisense oligonucleotides

ISIS Number Anterior Posterior

No. of mice cortex cortex
419641 2 75 66
419642 3 29 42
436665 5 62 38
436671 3 69 77
436689 3 49 40
437507 3 77 66
443139 5 93 90
444591 5 79 78

TABLE 57

Percent reduction of murine huntingtin mRNA levels in BACHD
mice via ICV administration of antisense oligonucleotides

ISIS Number Anterior Posterior

No. of mice cortex cortex
419640 1 22 34
419641 2 40 26
419642 3 63 71
436665 5 72 56
436671 3 80 71

Body Weight Measurement

The body weights of the mice were measured at the onset of
the study and subsequently once a week. The body weights of
the mice are presented in Table 58 and are expressed as a
percent change over the weights taken at the start of the study.
The body weights were considered a measure of the tolerabil-
ity of the mice to the ICV administration of antisense oligo-
nucleotide. ‘n.d.” means that there was no data available for
that time period.

TABLE 58

Percent change in body weight of BACHD
mice during antisense oligonucleotide treatment

week 1 week 2 week 3 week 4

PBS -1 +2 +6 +6
ISIS 388241 +3 +11 +15 +7
ISIS 437507 +21 +10 +13 -4
ISIS 443139 +10 +10 +16 +12
ISIS 419640 +21 +11 -10 +9
ISIS 419641 +24 +3 -5 -12
ISIS 419642 +45 +39 +12 +1
ISIS 444591 +18 +38 +27 +17
ISIS 436665 +34 +43 +23 +9
ISIS 436671 +19 +17 +11 0
ISIS 444661 +19 -10 =21 n.d.
ISIS 436689 +49 +40 +2 -17

Survival of the Mice

The survival of the mice was assessed throughout the entire
study period. Table 59 below shows the survival pattern in the
groups of mice treated with ISIS oligonucleotides as well as
the control.
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TABLE 59

Number of survivals during antisense oligonucleotide treatment

week 1 week 2 week 3 week 4

PBS

ISIS 388241
ISIS 437507
ISIS 443139
ISIS 419640
ISIS 419641
ISIS 419642
ISIS 444591
ISIS 436665
ISIS 436671
ISIS 444661
ISIS 436689

VN NV RV R VRV N
N N Y IV Y R RV VS
A LU DN RN WWL
WO WL =LAWL

Example 7

Intracerebroventricular Administration of Antisense
Oligonucleotides Against Huntingtin in C57/BL6
Mice

Wild-type C57/BL6 mice were treated with ISIS oligo-
nucleotides via intracerebroventricular (ICV) administration
to a defined mouse brain area, the right lateral ventricle, for
the purpose of evaluating the potency of the oligonucleotides
against mouse huntingtin in these mice.

Treatment and Surgery

Groups of ten C57/BL6 mice each were administered ISIS
408737 (5' TCCTAGTGTTACATTACCGC 3' (SEQ ID NO:
52), start site 5263 of SEQ ID NO: 3) at 50 pg/day delivered
ICV with Alzet 2002 pumps at the rate of 0.5 ul./day for 7
days or 14 days. A control group of six C57/BL.6 mice were
similarly treated with PBS. The mice were surgically
implanted with the pumps in the following manner: Briefly,
Alzet osmotic pumps (Model 2002) were assembled accord-
ing to manufacturer’s instructions. Pumps were filled with a
solution containing the antisense oligonucleotide and incu-
bated overnight at 37° C., 24 hours prior to implantation.
Animals were anesthetized with 3% isofluorane and placed in
a stereotactic frame. After sterilizing the surgical site, a mid-
line incision was made over the skull, and a subcutaneous
pocket was created over the back, in which a pre-filled
osmotic pump was implanted. A small burr hole was made
through the skull above the right lateral ventricle. A cannula,
connected to the osmotic pump via a plastic catheter, was then
placed in the ventricle and glued in place using Loctite adhe-
sive. The incision was closed with sutures. Antisense oligo-
nucleotide or PBS was infused for 7 or 14 days, after which
animals were euthanized according to a humane protocol
approved by the Institutional Animal Care and Use Commit-
tee. Brain and spinal cord tissue were harvested and snap
frozen in liquid nitrogen. Prior to freezing, brain tissue was
cut transversely into five sections (51, S2, S3, S4, and S5)
using a mouse brain matrix. Sections 1 to 5 were approxi-
mately 2 mm apart from each other with S1 being most rostral
and S5 most caudal.

RNA and Protein Analysis

Total RNA was extracted from mouse brain and spinal cord
with RNeasy Protect Mini Kit (Qiagen, Mississauga, ON,
Canada) for real-time PCR analysis of huntingtin mRNA
levels using an RNeasy Mini prep kit (Qiagen). Q-PCR reac-
tions were conducted and analyzed on an ABI Prism 7700
Sequence Detector (Applied Biosystems). Mouse huntingtin
mRNA levels were measured using the murine primer probe
set ABI #Mm01213820_m1 (Applied Biosystems) and nor-
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malized to peptidylprolyl isomerase A mRNA levels. Protein
lysates were prepared from mouse brain slabs as described
previously (Li S. H. and Li X. J., Methods in Molecular
Biology (2008), 217:1940-6029). Lysates were run on 3-8%
tris-acetate gel and transferred using the iBlot dry blotting
system (Invitrogen). Blots were probed with anti-beta tubulin
(Chemicon) and monoclonal MAB2166 antibody (Millipore)
that reacts specifically with murine huntingtin protein. Immu-
noblots were quantified using Odyssey V 3.0 software.

The results are presented in Table 60 as percent reduction
compared to the PBS control and demonstrate significant
inhibition of huntingtin mRNA and protein levels by the
antisense oligonucleotide both at day 7 and day 14.

TABLE 60

Percent inhibition of murine
huntingtin mRNA in C57/BL6 mice

day 7 day 14
mRNA 66 68
protein 21 49
Example 8

Intracerebroventricular Administration of Antisense
Oligonucleotides Against Huntingtin mRNA in
Cynomologous Monkeys

Cynomologous monkeys were treated with ISIS oligo-
nucleotides via intracerebroventricular (ICV) administration
to a defined brain area, the lateral ventricles, for the purpose
of'screening the activity of the oligonucleotides in brain tissue
against huntingtin mRNA expression.

Treatment and Surgery

Two groups of 3 cynomologous monkeys each were
administered either 0.635 mg/ml (1.5 mg/day) or 1.67 mg/ml
(4 mg/day) of ISIS 436689 delivered ICV with individual
ambulatory pumps (Pegasus Vario) at the rate of 0.05 ml/hr
for 4 weeks. A control group of 2 cynomologous monkeys
were administered with PBS in a similar manner. The groups
were administered ISIS 436689 bilaterally. One animal was
administered ISIS 436689 at the 4 mg/day dose unilaterally to
the right ventricle.

Animals were allowed 10 days to recover from surgery
prior to infusion being performed. During the post surgery
recovery period, the animals were maintained on PBS ICV
infusion at a flow rate of 0.05 mL/h using one ambulatory
infusion pump per ventricle. At the end ofthe recovery period,
each cannula was connected to an individual ambulatory
pump (Pegasus Vario) placed within a primate jacket (Lomir,
PJ-02NB). The pumps remained connected until completion
of the infusion period. After 4 weeks administration, the
animals were euthanized and the brain, liver and kidney were
harvested.

RNA analysis of htt mRNA

RNA was extracted from the anterior caudate, posterior
caudate, temporal cortex, parietal cortex, hypothalamus, mid-
brain, hippocampus, and spinal cords, as well as the liver and
kidney for real-time PCR analysis of huntingtin mRNA lev-
els. Huntingtin mRNA levels were measured using the human
primer probe set RTS2617 and normalized to monkey cyclo-
philin A levels. Results were calculated as percent inhibition
of huntingtin mRNA expression compared to the PBS control
and are presented in Table 61. ISIS 436689 effected signifi-
cant inhibition of human huntingtin mRNA levels in the CNS.
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TABLE 61

Percent reduction of huntingtin mRNA levels in cynomologous
monkeys via ICV administration of antisense oligonucleotides

Dose (mg/day)

1.5 4 4 (right 4 (left
Tissue (bilateral)  (bilateral) unilateral) unilateral)
Anterior caudate 59 49 85 12
Posterior caudate 52 81 63 0
Temporal cortex 10 34 41 31
Parietal cortex 22 38 46 24
Hypothalamus 59 71 35 100
Mid-brain 32 38 2 0
Hippocampus 18 18 28 10
Cervical cord 58 65 n.d. n.d.
Thoracic cord 50 67 n.d. n.d.
Lumbar cord 49 62 n.d. n.d.
Liver 0 13 n.d. n.d.
Kidney 0 13 n.d. n.d.
n.d. = no data
Example 9

Measurement of Half-Life of ISIS 387898 in the
Striatum of C57/BL6 Mice Via Single Bolus
Administration

C57/BL6 mice were administered ISIS 387898 as a single
bolus to the striatum for the purpose of measuring half-life
and duration of action of the antisense oligonucleotide
against huntingtin mRNA expression in that tissue.
Treatment

Forty C57/BL6 mice were treated with ISIS 387898 ('
CTCGACTAAAGCAGGATTTC 3' (SEQ ID NO: 53); start
position 4042 of SEQ ID NO: 1 and start position 4001 of
SEQ ID NO: 3) delivered as a single bolus of 50 ug in a
procedure similar to that described in Example 5. Eight con-
trol C57/BL6 mice were treated with PBS in a similar proce-
dure. Groups of 4 mice each were euthanized at various time
points and striatal tissue extracted in a procedure similar to
that described in Example 5.

RNA Analysis

RNA was extracted from striatal tissue for real-time PCR
analysis of huntingtin mRNA levels. Mouse normal hunting-
tin mRNA levels were measured using the murine primer
probe set RT'S2633. The results are presented in Table 62 and
are expressed as percent inhibition compared to the PBS
control group at day 7. The inhibitory effect of ISIS 387898
was observed to be prolonged for at least 91 days.

TABLE 62

Effect of ISIS 387898 as a single bolus
administration on murine huntingtin mRNA
expression at various time points in C57/BL6 striatum

Days
after %
Treatment dosing inhibition
ISIS 387898 1 66
7 74
14 68
21 71
28 75
50 63
73 55
91 48
PBS 50 5
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Analysis of Antisense Oligonucleotide Concentration in the
Brain:

Brain tissues were minced, weighed, homogenized, and
extracted using a phenol/chloroform liquid-liquid extraction
method. This was followed by solid phase extraction of the
supernatant on a phenyl-bonded column before capillary gel
eletrophoresis electrokinetic injection. A P/ACE MDQ cap-
illary electrophoresis instrument (Beckman Coulter, Fuller-
ton, Calif.) was used for gel-filled capillary electrophoretic

78

cedure similar to that described in Example 9. Groups of 4
mice each from both the treatment and control groups were
euthanized at biweekly time points and anterior cortical tissue
extracted in a procedure similar to that described in Example
9.
RNA Analysis

RNA was extracted from the right hemisphere, both ante-
rior and posterior to the cannulation site for real-time PCR
analysis of huntingtin mRNA levels. Human mutant hunting-

analysis. Oligonucleotide peaks were detected by UV absor- 10 tin mRNA levels were measured using th? human primer
probe set RTS2617. Mouse normal huntingtin mRNA levels
bance at 260 nm. . . .
. . . were measured using the murine primer probe set RI'S2633.
The concentration of ISIS 387898 in the brain (ug/g) was S .

. . e Human mutant huntingtin mRNA expression levels are pre-
plotted against the expression of human huntingtin as a per- sented in Table 65 and are expressed as percent inhibition
centage.: of the PBS control (T.able 63. and FIG. 1) The COI- 45 compared to the average of that measured in the PBS control
centration of ISIS 387898 which achieves 50% inhibition of groups. Murine normal huntingtin mRNA expression levels
huntingtin mRNA expression (ECs,) was cglculated. The are presented in Table 66 and are expressed as percent inhi-
ECs, was determined to be 0.45 ug/g. The time-dependent bition compared to the average of that measured in the PBS
concentration of ISIS 387898 in the brain tissue and corre- control groups. The inhibitory effect of ISIS 387898 was
sponding percentage huntingtin mRNA expression was also 20 observed to be prolonged for 91 days.
plotted (Table 64 and FIG. 2) and the half-life of the oligo-
nucleotide was calculated as 21 days. TABLE 65

TABLE 63 Eﬁvelct ofISIS 387898 adnljinisteredl cv on humm
25 huntingtin mRNA expression at various time points
Concentration of ISIS 387898 in brain tissue and its
effect on htt mRNA expression as a percentage of the control D;:[ys
arer
concentration 9% mMRNA Treatment dosage anterior posterior
(nele) cxpression ISIS 387898 14 74 65
0 105.0 30 28 67 61
25 8.8 42 70 61
50 282 56 57 52
75 279 70 37 43
100 27.8 o1 4 61
125 27.8 127 28 16
35 PBS 14 0 0
28 0 0
42 1 0
56 9 10
TABLE 64 70 13 10
91 13 25
Time-dependent concentration of ISIS 387898 in brain tissue and 127 11 0
its effect on htt mMRNA expression as a percentage of the control 40
Time Conc mRNA %
(day) (ng/g) expression TABLE 66
1 116 35
7 65.7 27 45 Effect of ISIS 387898 administered ICV on murine
14 30 32 huntingtin mRNA expression at various time points
23 34.9 24
30 12.2 26 Days
51 2.1 38 after . .
73 1.4 47 Treatment dosage anterior posterior
92 1.1 53
50 ISIS 387898 14 85 81
28 81 69
42 86 79
Example 10 ;8 ;;1 gg
91 39 63
Measurement of Half-Life of ISIS 387898 in the 55 127 39 0
Lateral Ventricles of BACHD Mice Via ICV PBS 14 0 0
.. . 28 0 0
Administration o 0 0
56 17 14
BACHD mice were administered ISIS 387898 by ICV to 70 5 24
the lateral ventricles of the brain for the purpose of measuring 60 o1 9 17
half-life and duration of action of the antisense oligonucle- 127 32 0
otide against huntingtin mRNA expression in that tissue.
Treatment Analysis of Antisense Oligonucleotide Concentration in the
Twenty eight BACHD mice were treated with ISIS 387898 Brain:
delivered by ICV administration at 75 pg/day for 2 weeksin 65  Brain tissue was processed in a procedure similar to that

a procedure similar to that described in Example 9. Twenty
eight control BACHD mice were treated with PBS in a pro-

described in Example 9. The concentration of ISIS 387898 in
the anterior cortex of the brain (jLg/g) was plotted against the
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inhibition of human huntingtin as a percentage of the PBS
control (Table 67 and FIG. 3), and the EC,, was calculated to
be 26.4 pug/g. The time-dependent concentration of ISIS
387898 in the brain tissue was also plotted (Table 68 and FIG.
4) and the half-life of the oligonucleotide was calculated as 21
days.

TABLE 67

Concentration of ISIS 387898 in brain tissue and its
effect on htt mRNA expression as a percentage of the control

Concentration % mRNA

10

80
probe set RTS2617. The results are presented in Table 69 and
are expressed as percent inhibition compared to the average
of that measured in the PBS control groups. The inhibitory
effects of both ISIS 388241 and ISIS 443139 were observed
to be prolonged for at least 16 weeks.

Both ISIS 388241 and its mixed backbone equivalent, ISIS
443139, have more than 3 mismatches with murine hunting-
tin mRNA (SEQ ID NO: 5) and therefore did not show sig-
nificant inhibition of murine mRNA levels compared to the
control.

(ng/g) expression TABLE 69
0 105 .
10 907 15 Effect of ISIS 38824 1and ISIS 443139 administered ICV on
100 19.3 human huntingtin mRNA expression at various time points
200 14.3
300 13.2
400 12.7 Weeks
500 12.5
after
600 12.4 20
Treatment dosage anterior posterior
ISIS 388241 63 64
TABLE 68 4 7 56
Time-dependent concentration of ISIS 387898 in brain tissue and 23 67 51
its effect on htt mRNA expression as a percentage of the control 12 76 63
Days 16 35 34
after ISIS 443139 35 55
last Cone % mRNA
dose (mg/g) expression 30 4 20 62
61 59
14 554.3 12
28 219.8 15 12 67 53
42 154 13 16 46 37
56 146.9 32
70 483 28 35 PBS 15 10
91 46.1 66 4 0 2
127 11.8 90 8 5 0
12 32 4
16 6 2
Example 11 40

Measurement of Half-Life of ISIS 388241 and ISIS
443139 in the Lateral Ventricles of BACHD Mice
Via ICV Administration

BACHD mice were administered ISIS 388241 or ISIS
443139 by ICV to the lateral ventricles of the brain for the
purpose of measuring half-life and duration of action of the
antisense oligonucleotide against huntingtin mRNA expres-
sion in that tissue.

Treatment

Twenty BACHD mice were treated with ISIS 38241 deliv-
ered by ICV administration at 50 pg/day for 2 weeks in a
procedure similar to that described in Example 9. Twenty
BACHD mice were treated with ISIS 443139 delivered by
ICV administration at 50 ng/day for 2 weeks in a procedure
similar to that described in Example 9. Twenty control
BACHD mice were treated with PBS in a procedure similarto
that described in Example 9. Groups of 4 mice each from both
the treatment groups and control group were euthanized at
biweekly time points and tissue extracted in a procedure
similar to that described in Example 9.

RNA Analysis

RNA was extracted from the right hemisphere, both ante-
rior and posterior to the cannulation site for real-time PCR
analysis of huntingtin mRNA levels. Human mutant hunting-
tin mRNA levels were measured using the human primer
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Analysis of Antisense Oligonucleotide Concentration in the
Brain:

Brain tissue was processed in a procedure similar to that
described in Example 9. The time-dependent concentration of
ISIS 388241 in the posterior brain tissue was plotted (Table
70 and FIG. 5) and the half-life of the oligonucleotide was
calculated as 20 days. The time-dependent concentration of
ISIS 443139 in the posterior brain tissue was plotted (Table
71 and FIG. 6) and the half-life of the oligonucleotide was
calculated as 20 days.

TABLE 70

Concentration of ISIS 384241 in brain tissue and its effect
on htt mRNA expression as a percentage of the control

Days
after
last Conc % mRNA
dose (ug/g) expression
0 170.3 36
28 65.2 43
56 13 49
84 8.2 32
112 6.9 66
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TABLE 71

82
TABLE 72-continued

Concentration of ISIS 443139 in brain tissue and its effect
on htt mRNA expression as a percentage of the control

Effect of antisense inhibition of mutant
huntingtin mRNA on duration to fall (sec)

Days
after
last Conc % mRNA
dose (ug/g) expression
0 71.3 45
28 474 38
56 11.3 41
84 11.1 46
112 5.6 63
Example 12

Effect of Antisense Inhibition of Mutant Human
Huntingtin on the Motor Performance of BACHD
Mice

BACHD mice were treated with ISIS oligonucleotides via
intracerebroventricular (ICV) administration for the purpose
of evaluating the effect of the oligonucleotides against hun-
tingtin mRNA expression on their motor performance via the
rotarod assay.

Treatment

The accelerating rotarod assay was performed on the Ugo
Basile rotarod. Animals were placed on the rotarod at a speed
of 2 RPM, the rotarod accelerated to 40 RPM over 5 minutes.
The duration to fall was recorded. Duration to fall is defined
by the animal either falling from the rotarod, or stopping their
run, hanging on to the rotarod and rotating on it. Six month
old BACHD mice and their non-transgenic littermates were
trained to run on the rotarod for one week prior to treatment.
This consisted of three consecutive trials of 5 minutes each,
with a 20 minute rest period between trials. A group of 15
BACHD mice were then treated with ISIS 388241 at 50
ng/day delivered ICV with Alzet 2002 pumps at the rate of 12
ul/day for 2 weeks. The mice were surgically implanted with
the pumps in a similar procedure as that described in Example
6. A control group of 14 BACHD mice were treated with PBS
in a similar manner. A control group of 9 non-transgenic
littermates were treated with PBS in a similar manner.
Rotarod Performance Assay

At the end of the treatment period, the pumps were
removed and two weeks later, the first post-treatment rotarod
assay was conducted. Rotarod behavior was analyzed
monthly till the mice were 11 months of age. Each month, the
animals were placed on the rotarod for three trial runs a day
for 2 days. The results are presented in FIG. 7, as well as in
Table 72 expressed as duration to fall in seconds. Baseline
values at 6 months age were taken before the treatment and
the time points given are the age of the mice at which the assay
was conducted. The data indicates that treatment of BACHD
mice with ISIS 388241 increased the duration to fall com-
pared to that observed in untreated BACHD mice.

TABLE 72

Effect of antisense inhibition of mutant
huntingtin mRNA on duration to fall (sec)

6 7 8 9 10 11

months month months months months months
ISIS 388241 97 108 154 148 144 159
PBS control 94 117 115 104 99 92
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6 7 8 9 10 11
months month months months months months
Non-transgenic 197 198 215 207 198 199
control
Example 13

Effect of Antisense Inhibition of Mutant Human
Huntingtin and Wild Type Murine Huntingtin mRNA
on the Motor Performance of BACHD Mice

BACHD mice were treated with ISIS oligonucleotides via
intracerebroventricular (ICV) administration for the purpose
of evaluating the effect of the oligonucleotides against hun-
tingtin mRNA expression on their motor performance via the
rotarod assay.

Treatment

The accelerating rotarod assay was performed on the Ugo
Basile rotarod. Animals were placed on the rotarod at a speed
of 2 RPM, the rotarod accelerated to 40 RPM over 5 minutes.
The duration to fall was recorded. Duration to fall is defined
by the animal either falling from the rotarod, or stopping their
run, hanging on to the rotarod and rotating on it. Two month
old BACHD mice and their non-transgenic littermates were
trained to run on the rotarod for one week prior to treatment.
This consisted of three consecutive trials of 5 minutes each,
with a 20 minute rest period between trials. Groups of 17-21
BACHD mice each were then treated with ISIS 388241 at 50
ng/day, ISIS 408737 at 75 pg/day, or ISIS 387898 at 75
ng/day, delivered ICV with Alzet 2002 pumps at the rate of
0.5 uL/hour for 2 weeks. The mice were surgically implanted
with the pumps in a similar procedure as that described in
Example 6. A control group of 20 BACHD mice were treated
with PBS in a similar manner. Groups of non-transgenic
control mice were also similarly treated with ISIS oligonucle-
otides or PBS in a similar manner.

Rotarod Performance Assay

At the end of the treatment period, the pumps were
removed and two weeks later, the first post-treatment rotarod
assay was conducted. Rotarod behavior was analyzed
monthly till the mice were 10 months of age. Each month, the
animals were placed on the rotarod for 3-5 trial runs a day for
3 consecutive days. The results are presented in Table 73
expressed as duration to fall in seconds. Baseline values at 2
months age were taken before the treatment and the time
points given are the age of the mice at which the assay was
conducted. ISIS 387898 (designated in the table as Human-
mouse ASO) is cross-reactive for both mouse and human
huntingtin mRNA and therefore would inhibit both human
mutant huntingtin mRNA and wild-type murine huntingtin
mRNA in the mice. ISIS 388241 (designated in the table as
Human ASO) specifically targets human huntingtin mRNA
and is mismatched by 8 base pairs with murine huntingtin
mRNA. Therefore, ISIS 388241 would specifically inhibit
only human mutant huntingtin mRNA and not wild-type
murine huntingtin mRNA in the mice. ISIS 408737 (desig-
nated in the table as Mouse ASO) specifically targets murine
huntingtin mRNA and is mismatched by 7 base pairs with
human huntingtin mRNA. Therefore, ISIS 408737 would
specifically inhibit only wild-type murine huntingtin mRNA
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and not human mutant huntingtin mRNA in the mice. ‘Tg’
indicates the BACHD mice and ‘Non-Tg’ indicates the non-
transgenic control mice.

The results of the study indicate that inhibition of human
mutant huntingtin mRNA by ISIS 388241 (Tg-Human ASO)
significantly improved the performance of the mice in the
rotarod assay compared to the control (Tg-PBS). The results
also indicate that treatment of mice with ISIS 387898 (Tg-
Human-mouse ASO), which targets both mutant and wild-
type huntingtin mRNA in the mice, did not cause any delete-
rious effects on the motor performance of the mice and, in
fact, also significantly improved rotarod performance com-
pared to the control (Tg-PBS). The mice treated with ISIS
408737 (Tg-Mouse ASO) did not show improved rotarod
performance compared to the PBS control, as expected, since
the oligonucleotide does not target the mutant huntingtin
mRNA. The non-transgenic controls were utilized as positive
controls in this assay.

TABLE 73

5

10

15

84

mice was administered PBS delivered in a similar manner. A
group of eight non-transgenic littermates was administered
PBS delivered in a similar manner. A group of four untreated
eight-week old pre-symptomatic R6/2 were also included in
the study.

Brain Weight Measurement

Animals were anaesthetized with isofluorane and then sub-
jected to transcardial perfusion with ice-cold Sorenson’s
phosphate buffer (SPB), and fixed with 4% paraformaldy-
hyde in SPB.

Brains were removed, and trimmed with coronal cuts
immediately rostral to the forebrain (removing the olfactory
bulbs) and immediately caudal to the cerebellum (removing
the spinal cord). The remaining brain was weighed inmg. The
results are presented in FIG. 8 and Table 74 and demonstrate
the increase in brain weight in R6/2 mice treated with ISIS
388817 compared to the PBS control

Effect of antisense inhibition of huntingtin mRNA on duration to fall (sec)

2 3 4 5 6 7 8 9 10
months months months months months months months months months
Tg-Human ASO 146 167 190 192 190 188 181 191 191
Tg-mouse ASO 151 142 152 143 139 144 139 123 130
Tg-Human- 149 187 203 199 196 194 189 194 171
mouse ASO
Tg-PBS 152 164 169 160 159 155 148 135 136
Non-Tg-Human 212 223 234 236 247 248 245 247 235
ASO
Non-Tg-Mouse 201 212 215 213 231 243 244 250 247
ASO
Non-Tg-Human- 220 240 239 224 243 244 246 229 235
mouse ASO
Non-Tg-PBS 193 220 228 227 228 216 220 208 208
Example 14 TABLE 74

Effect of Antisense Inhibition of Huntingtin mRNA
on the Brain Mass of R6/2 Mice

R6/2 mice were treated with ISIS oligonucleotides via
intracerebroventricular (ICV) administration for the purpose
of evaluating the effect of the oligonucleotides against hun-
tingtin mRNA expression on brain weight and volume.

Treatment

R6/2 mice were housed in groups ofup to 5 per cage (mixed
genotypes, single sex), All mice were housed in shoe-box
cages with sterile wood bedding covering the ground that
were changed as frequently as needed to provide the animals
with dry bedding. This basic environment was enriched with
the addition of play tunnels, shredded nestlet, and plastic
bones for all mice; i.e. an environmentally-enriched cage
containing a Mouse Tunnel, (amber color, certified, transpar-
ent, BioSery Product# K3323), a Petite Green Gumabone
(BioSery Product # K3214) and a nestlet (Hockley et al., Ann
Neurol. 2002, 51: 235-242). Food and water were available ad
libitum to the mice in their home cages.

A group of ten six month old R6/2 mice was administered
50 pg/day of ISIS 388817 delivered ICV with Alzet 1004
pumps at the rate of 0.12 pl/hr for 4 weeks. A group of two
non-transgenic littermates was administered 50 pg/day of
ISIS 388817 delivered in a similar manner. A control group of
five R6/2 mice was administered 50 pg/day of ISIS 141923
delivered in a similar manner. A control group of nine R6/2
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Effect of antisense inhibition of mutant

huntingtin mRNA on brain weight (mg)

Brain

Mouse model Treatment weight
R6/2 PBS 367
ISIS 141923 375
ISIS 388817 394
R6/2 (8 weeks old) None 402
Non-transgenic ISIS 141923 452
ISIS 388817 436

Example 15

Effect of Antisense Inhibition of Huntingtin mRNA
on Anxiety Performance of YAC128 Mice

YAC128 mice were treated with ISIS oligonucleotides via
intracerebroventricular (ICV) administration for the purpose
of evaluating the effect of the oligonucleotides against hun-
tingtin mRNA expression on anxiety in these mice as mea-
sured by their performance in the open field and elevated plus
maze assays.

Treatment

A group of seven five-month 0ld YAC128 mice was admin-
istered 50 pg/day of ISIS 388241 delivered ICV with Alzet
1004 pumps at the rate of 0.5 ul/hr for 14 days. A control
group of four YAC128 mice were similarly treated with PBS.
A control group of eight non-transgenic FVB/NI littermates
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were included in the study and did not receive any treatment.
The mice were surgically implanted with the pumps in the
following manner: Briefly, Alzet osmotic pumps (Model
2002) were assembled according to manufacturer’s instruc-
tions. Pumps were filled with a solution containing the anti-
sense oligonucleotide and incubated overnight at 37° C., 24
hours prior to implantation. Animals were anesthetized with
3% isofluorane and placed in a stereotactic frame. After ster-
ilizing the surgical site, a midline incision was made over the
skull, and a subcutaneous pocket was created over the back, in
which a pre-filled osmotic pump was implanted. A small burr
hole was made through the skull above the right lateral ven-
tricle. A cannula, connected to the osmotic pump via a plastic
catheter, was then placed in the ventricle and glued in place
using Loctite adhesive. The incision was closed with sutures.
Antisense oligonucleotide or PBS was infused for 14 days,
after which the pumps were removed. The animals were
allowed to recover for 2 weeks after which behavioral analy-
sis was done and the mice were finally euthanized according
to a humane protocol approved by the Institutional Animal
Care and Use Committee. Brain and spinal cord tissue were
harvested and snap frozen in liquid nitrogen. Priorto freezing,
brain tissue was cut transversely into five sections (51, S2, S3,
S4, and S5) using a mouse brain matrix. Sections 1 to 5 were
approximately 2 mm apart from each other with S1 being
most rostral and S5 most caudal.

Open Field Assay

Mice were placed in an open field arena (Med Associates)
that uses photobeam breaks to measure horizontal and verti-
cal movement over a 30 min test session. Data was analyzed
using Activity Monitor software to examine total ambulatory
movement within the arena and movement within the center
of the arena as a measure of anxiety. YAC128 control mice
were expected to spend less time at the centre of the arena
compared to their non-transgenic, less anxiety-prone FVB/
NI littermates. The results are presented in FIG. 9 and Table
75 and indicate that treatment of YAC128 mice with antisense
oligonucleotide decreased anxiety in these mice, according to
the parameters of the open field assay.

TABLE 75

Effect of antisense inhibition of mutant htt
mRNA on open field performance of YAC128 mice

Time in
center
Mice model (sec)
FVB control 1326
YAC128 control 964
ISIS 388241 treated 1433

YAC128

Elevated Plus Maze Assay

The apparatus consisted of two open arms and two closed
arms each measuring 65x6.25 cm and elevated 50 cm above
the ground. Mice were placed in the center of the apparatus
and their location was recorded over a 5 minute test session.
YAC128 control mice were expected to spend less time at the
open arms of the apparatus compared to their non-transgenic,
less anxiety-prone FVB/NI littermates. The results are pre-
sented in FIG. 10 and Table 76 and indicate that treatment of
YAC128 mice with antisense oligonucleotide decreased anxi-
ety in these mice, according to the parameters of the elevated
plus maze assay.
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TABLE 76

Effect of antisense inhibition of mutant htt mRNA on elevated
plus maze performance of YAC128 mice

% time in
Mice model open arms
FVB control 32
YACI128 control 18
ISIS 388241 treated 27
YAC128
RNA and Protein Analysis

Total RNA was extracted from mouse brain and spinal cord
with RNeasy Protect Mini Kit (Qiagen, Mississauga, ON,
Canada) for real-time PCR analysis of huntingtin mRNA
levels using an RNeasy Mini prep kit (Qiagen). Q-PCR reac-
tions were conducted and analyzed on an ABI Prism 7700
Sequence Detector (Applied Biosystems). Human huntingtin
mRNA levels were measured using the human primer probe
set RTS2686 and normalized to peptidylprolyl isomerase A
mRNA levels.

Protein lysates were prepared from mouse brain slabs as
described previously (Li S. H. and Li X. J., Methods in
Molecular Biology (2008), 217:1940-6029). Lysates were
run on 3-8% tris-acetate gel and transferred using the iBlot
dry blotting system (Invitrogen). Blots were probed with
anti-beta tubulin (Chemicon) and mouse monoclonal EM48
antibody that reacts specifically with human huntingtin pro-
tein (Millipore). Immunoblots were quantified using Odyssey
V 3.0 software.

The results are presented in Table 77 as percent reduction
compared to the PBS control and demonstrate significant
inhibition of huntingtin mRNA and protein levels by the
antisense oligonucleotide.

TABLE 77

Percent inhibition of huntingtin mMRNA in YAC128 mice

% inhibition
mRNA 85
protein 86
Example 16

Intracerebroventricular Administration of Antisense
Oligonucleotides Against Huntingtin in C57/BL6
Mice

C57/BL6 mice were treated with ISIS oligonucleotides via
intracerebroventricular (ICV) administration to the right lat-
eral ventricle, for the purpose of evaluating the tolerability of
the oligonucleotides in these mice.

Treatment and Surgery

Groups of five C57/BL.6 mice each were administered ISIS
387916, ISIS 437527, ISIS 444578, ISIS 444584, ISIS
444607, ISIS 444608, ISIS 444627, ISIS 444652, ISIS
444659, ISIS 444660, or ISIS 444661 at 150 pg/day delivered
ICV with Alzet 2002 pumps at the rate of 0.5 ul./day for 2
weeks. A control group of six C57/BL6 mice were similarly
treated with PBS. The procedure for implanting the pumps
and oligonucleotide administration is described in Example
6.

The animals were allowed to recover for two weeks before
being euthanized using isoflurane. Brain and spinal cord tis-
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sue were harvested and snap frozen in liquid nitrogen. Prior to
freezing, brain tissue was cut transversely into five sections
(81, 82,83, S4, and S5) using a mouse brain matrix. Sections
1 to 5 were approximately 2 mm apart from each other with
S1 being the most rostral and S5 the most caudal.

RNA Analysis

Total RNA was extracted from anterior and posterior cor-
tices of the brain for real-time PCR analysis of huntingtin
mRNA levels using an RNeasy Mini prep kit (Qiagen). RT-
PCR reactions were conducted on an ABI Prism 7700
Sequence Detector (Applied Biosystems). Mouse huntingtin
mRNA levels were measured using a murine primer probe set
RTS2633 and normalized to cyclophilin mRNA levels. The
results are presented in Table 78 as percent reduction com-
pared to the PBS control. ISIS 387916, ISIS 437527, ISIS
444627, and ISIS 444652 all have one mismatch with the
murine huntingtin mRNA (SEQ ID NO: 3) and therefore did
not show significant inhibition of murine mRNA levels com-
pared to the control.

The microglial marker, AIF1 was also measured by RT-
PCR analysis wusing murine primer probe set
mAIF1_I'TS00328 (forward sequence TGGTCCCCCAGC-
CAAGA, designated herein as SEQ ID NO: 54; reverse
sequence CCCACCGTGTGACATCCA, designated herein
as SEQ ID NO: 55; probe sequence AGCTATCTCCGAGCT-
GCCCTGATTGG, designated herein as SEQ ID NO: 56).
The results are presented in Table 79 and indicate that the
tested ISIS oligonucleotides did not induce an inflammatory
response.
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TABLE 79

Percent increase in AIF1 mRNA expression
compared to the control in C57/BL6 mice

ISIS No anterior posterior
387916 159 67
437527 102 77
444578 22 7
444584 33 37
444607 34 58
444608 29 1
444627 46 22
444652 59 50
444660 -3 11
444661 67 62

Body Weight Measurements

Body weights were measured at regular intervals through-
out the study period, and are presented in Table 80. These
weights were utilized as an indicator of tolerability. Mice
treated with ISIS 437527, ISIS 444584, and ISIS 444652 had
consistent body weight throughout the study period and were
deemed the most tolerable of all the ISIS oligonucleotides
included in the study. ‘n/a’ indicates no data for that group of
mice.

TABLE 80

Body weights of C57/BL6 mice after antisense oligonucleotide treatment

Day0 Day4 Day8 Dayl2 Dayl6é Dayl19 Day23 Day26 Day28
PBS 105 108 111 114 111 111 113 114 112
ISIS 387916 107 108 106 111 106 104 101 101 97
ISIS 437527 105 116 116 120 111 112 112 108 108
ISIS 444578 105 116 112 115 103 98 83 81 87
ISIS 444584 105 117 115 111 105 105 103 104 102
ISIS 444607 105 115 112 110 101 98 106 109 106
ISIS 444608 102 111 112 112 97 91 78 75 87
ISIS 444627 105 116 124 126 105 104 93 94 91
ISIS 444652 106 122 124 126 119 113 111 111 108
ISIS 444659 105 118 123 116 92 89 68 wa n/a
ISIS 444660 104 115 120 118 103 93 89 84 90
ISIS 444661 107 125 120 106 76 86 89 86 91
45
TABLE 78 Example 17
Percent inhibition of murine huntingtin mRNA compared . Assay for Neur,OtOXIC Ef,feCtS of Bo,lus .
) ) Administration of Antisense Oligonucleotides in the
to the control in C57/BL6 mice 50 . .
Striatal Tissue of Rats
ISIS No antetior posterior Sprague-Dawley rats were treated with ISIS oligonucle-
otides via bolus administration to the striatum, for the purpose
387916 72 74 55 of screening for the induction of the microglial marker AIF1
437527 59 62 as a measure of CNS toxicity.
444578 69 69 Treatment and Surgery
444584 0 9 Groups of four Sprague-Dawley rats were administered
444607 59 79 ISIS 388241, ISIS 443139, ISIS 436671, ISIS 437527, ISIS
444608 a1 66 60 444584, ISIS 444591, or ISIS 444652 delivered as a single
444627 a1 45 bolus at a concentration of 2§ ng, 50 ug, 75 ug, or 100 ng.
444652 61 64 A group of 4 rats were similarly treated with ISIS 387916,
delivered as a single bolus at 10 pg, 25 pg, 50 pg, or 75 ng
444660 35 33 . -
concentrations. A control group of 4 rats were similarly
444661 72 69 65 treated with PBS. Seven days after bolus administration, the

rats were euthanized using isoflurane and the organs were
removed. The animals were decapitated and the brain was
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removed for dissection of the striatal tissue. A pair of fine
curved forceps was placed straight down into the brain just
anterior to the hippocampus to make a transverse incision in
the cortex and underlying tissues by blunt dissection. The tips
of another pair of fine curved forceps were placed straight
down along the midsaggital sinus midway between the hip-
pocampus and the olfactory bulb to make a longitudinal inci-
sion, cutting the corpus callosum by blunt dissection. The first
pair of forceps was then used to reflect back the resultant
corner of cortex exposing the striatum and internal capsule,
and then to dissect the internal capsule away from the stria-
tum. The second set of forceps was placed such that the
curved ends were on either side of the striatum and pressed
down to isolate the tissue. The first set of forceps was used to
pinch off the posterior end of the striatum and to remove the
striatum from the brain.
RNA Analysis of AIF1 Expression Levels

RNA was extracted from striatal tissue for real-time PCR
analysis of AIF1 mRNA levels. Rat AIF1 levels were mea-
sured using the rat primer probe set rAif1_L.TS00219. Results
were calculated as the percentage of AIF1 expression over
that of the PBS control and are presented in Table 81. The
results indicate that ISIS 388241, ISIS 443139, ISIS 436671,
ISIS 444591, ISIS 437527, ISIS 444584, and ISIS 444652
were well tolerated in rat brain.

TABLE 81

Percent expression of AIF1 mRNA levels

in vivo as a measure of neurotoxicity
Dose %
ISIS No (ng) increase
387916 10 145
25 157
50 247
75 316
388241 25 29
50 12
75 30
100 41
436671 25 37
50 2
75 13
100 50
443139 25 0
50 7
75 167
100 26
444591 25 18
50 80
75 50
100 207
437527 25 98
50 45
75 23
100 126
444584 25 -1
50 10
75 35
100 31
444652 25 17
50 46
75 39
100 48

RNA Analysis of Huntingtin Expression Levels

RNA was extracted from striatal tissue for real-time PCR
analysis of huntingtin mRNA levels. Rat huntingtin mRNA
levels were measured using the rat primer probe set rHtt_
LTS00343. Results were calculated as the percentage reduc-
tion of huntingtin expression over that of the PBS control and
are presented in Table 82. ISIS 388241 and ISIS 443139 are
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each mismatched by 6 base pairs or more with the rat gene
sequence (SEQ ID NO: 5) and therefore do not show signifi-
cant inhibition of rat mRNA levels compared to the control.
ISIS 444584 has 3 mismatches with the rat gene sequence
(SEQ ID NO: 5) and therefore does not show significant
inhibition of rat mRNA levels compared to the control.

TABLE 82
Percent reduction of rat huntingtin mRNA levels in rats
Dose %
ISIS No (ug) inhibition
387916 10 6
25 39
50 55
75 60
388241 25 8
50 23
75 27
100 19
436671 25 52
50 57
75 57
100 70
443139 25 35
50 29
75 28
100 27
444591 25 26
50 57
75 68
100 69
437527 25 40
50 55
75 60
100 74
444584 25 43
50 38
75 38
100 41
444652 25 49
50 70
75 55
100 59
Example 18
Dose-Dependent Antisense Inhibition of Huntingtin
mRNA in Cynomolgous Primary Hepatocytes
ISIS 437527, ISIS 444584, and ISIS 444652 were tested in
cynomolgous primary hepatocytes at various doses. The

benchmark oligonucleotides, ISIS 387916 and ISIS 388241
were also included for comparison. Cells were plated at a
density of 35,000 cells per well and transfected using elec-
troporation with 39.0625 nM, 78.125 nM, 156.25 nM, 312.5
nM, 625nM, 1,250nM, 2,500 nM, 5,000 nM, 10,000 nM, and
20,000 nM concentrations of each antisense oligonucleotide.
After approximately 16 hours, RNA was isolated from the
cells and huntingtin mRNA transcript levels were measured
by quantitative real-time PCR using primer probe set
RTS2686. Huntingtin mRNA transcript levels were normal-
ized to total RNA content, as measured by RIBOGREEN®.
Results are presented in Table 83 as percent inhibition of
huntingtin, relative to untreated control cells. Control oligo-
nucleotide, ISIS 141923 was included in this assay and did
not demonstrate inhibition of huntingtin mRNA, as expected.

ISIS 437527, ISIS 444584, and ISIS 444652 had lower
IC5, values than the benchmark oligonucleotide, ISIS
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388241. ISIS 437527 and ISIS 444652 had as low or lower
IC5, values than the benchmark oligonucleotide, ISIS
387916.

TABLE 83

Dose-dependent antisense inhibition of huntingtin
mRNA in cynomolgous primary hepatocytes

SIS ISIs  ISIS  ISIS  ISIS  ISIS
387916 388241 437527 444584 444652 141923
39.0625 tM 0 6 0 0 0 0
78.125 nM 17 4 19 0 16 0
15625 oM 6 0 27 11 12 3
3125 oM 19 0 23 16 35 0
6250 nM 31 0 37 30 50 0
1250.0 nM 45 0 28 23 52 0
25000 nM 62 4 33 47 74 0
50000 oM 78 54 55 42 86 0
10000.0 nM &2 80 68 77 91 0
20000.0 nM 84 75 70 69 92 0
ICso (M) 14 54 2.0 4.0 08  >20
Example 19

Measurement of Half-Life of ISIS Oligonucleotides
in BACHD Mice Via Single Intrastriatal Bolus
Administration

BACHD mice were administered ISIS oligonucleotides as
a single bolus to the striatum for the purpose of measuring the
duration of action of the antisense oligonucleotides against
huntingtin mRNA expression, or its half-life, in that tissue.
Treatment and Surgery

Groups of 25 BACD mice each were treated with ISIS
388241, ISIS 436689, ISIS 436671, or ISIS 444591, deliv-
ered as a single bolus of 40 pg in a procedure similar to that
described in Example 4. A control group of 25 BACHD mice
were treated with PBS in a similar procedure. At various time
points, 5 mice from each group were euthanized and striatal
tissue was extracted. A pair of fine curved forceps was placed
straight down into the brain just anterior to the hippocampus
to make a transverse incision in the cortex and underlying
tissues by blunt dissection. The tips of another pair of fine
curved forceps were placed straight down along the midsag-
gital sinus midway between the hippocampus and the olfac-
tory bulb to make a longitudinal incision, cutting the corpus
callosum by blunt dissection. The first pair of forceps was
then used to reflect back the resultant corner of cortex expos-
ing the striatum and internal capsule, and then to dissect the
internal capsule away from the striatum. The second set of
forceps was placed such that the curved ends were on either
side of the striatum and pressed down to isolate the tissue. The
first set of forceps was used to pinch off the posterior end of
the striatum and to remove the striatum from the brain.
RNA Analysis

RNA was extracted from anterior and posterior sections of
the striatal tissue for real-time PCR analysis of huntingtin
mRNA levels. Human mutant huntingtin mRNA levels were
measured using RTS2617. Mouse normal huntingtin mRNA
levels were measured using the murine primer probe set
RTS2633. The results are presented in Tables 84 and 85 and
are expressed as percent inhibition compared to the average
of the PBS control group at week 1, week 10, and week 20.
The half-life of the ISIS oligonucleotides in the anterior sec-
tion of the brain was calculated from the inhibition data and is
presented in Table 86.
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TABLE 84

Percent inhibition of human huntingtin
mRNA expression at various time points

Time
ISIS No (weeks) Posterior Anterior
388241 1 72 91
5 65 86
10 52 73
15 26 56
20 14 53
436671 1 82 92
5 78 89
10 68 82
15 61 77
20 30 77
444591 1 60 85
5 58 76
10 48 60
15 27 43
20 27 36
436689 1 72 83
5 72 87
10 60 74
15 50 74
20 44 59
TABLE 85

Percent inhibition of mouse huntingtin mRNA
expression at various time points

Time
ISIS No (weeks) Posterior Anterior
388241 1 1 12
5 22 36
10 17 14
15 7 18
20 9 38
436671 1 84 96
5 77 80
10 64 86
15 51 78
20 19 75
444591 1 74 95
5 70 90
10 57 67
15 34 47
20 33 38
436689 1 40 32
5 47 40
10 35 18
15 34 22
20 36 5
TABLE 86

Half-life of ISIS oligonucleotides in the anterior section
of the brain in BACHD mice after intrastriatal bolus injection

Half-life
ISIS No (days)
436671 46.6
436689 394
444591 243
388241 25.8

Body Weight Measurements

Body weights were measured at regular intervals, and are
presented in Table 87 as a percent of the weight of the mice at
the start of the study. These weights were utilized as an



US 9,273,315 B2

93

indicator of tolerability. There were no adverse changes in
body weight in any of the mice treated with ISIS oligonucle-
otides.

TABLE 87

Percent change in body weight of BACHD
mice after antisense oligonucleotide treatment

Week Week Week Week
5 10 15 20
PBS 8 19 26 28
ISIS 388241 9 22 29 26
ISIS 436671 5 19 35 38
ISIS 444591 7 21 30 43
ISIS 436689 3 18 31 38
Example 20

Effect of Intrathecal Administration of ISIS 437527
in Sprague Dawley Rats

Sprague Dawley rats were dosed with ISIS 437527 by
intrathecal (IT) administration either as a single dose,
repeated doses, or continuous infusion.

Treatment and Surgery

Rats were anesthetized with isoflurane and a 28-gauge
polyurethane catheter was placed into the IT lumbar space of
each rat. The proximal end of the catheter was attached to a
dosing pedestal that was extended through the skin for ani-
mals in groups receiving bolus injections. The catheter for
animals in the group receiving continuous infusion was
attached to an ALZET pump (Model 2ML1) which was
placed in a subcutaneous pocket on the dorsal aspect of each
animal. Post-surgically the animals received a single intra-
muscular dose of ceftiofur sodium (5 mg/kg) and butorphanol
tartrate (0.05 mg/kg). The rats receiving continuous infusion
began receiving the oligonucleotide dose immediately. The
animals that would receive bolus injections were allowed a
surgical recovery period of at least five days after which the
patency of the catheter was evaluated.

A group of 5 Sprague Dawley rats was administered a
single bolus injection of 350 pg of ISIS 437527 delivered
intrathecally. Another group of 5 Sprague Dawley rats was
administered bolus injections of 120 ng of ISIS 437527 deliv-
ered intrathecally three times over the course of 1 week.
Another group of 5 Sprague Dawley rats was administered
bolus injections of 350 pg of ISIS 437527 delivered intrath-
ecally three times over the course of 1 week. Another group of
5 Sprague Dawley rats was administered 50 pg/day of ISIS
437527 delivered by continuous infusion at a rate of 0.01
mL/hr for 7 days. A control group of 5 Sprague Dawley rats
was administered bolus injections of PBS delivered intrathe-
cally three times over the course of 1 week. Each group was
given a recovery period of 7 days, after which the rats were
euthanized. The brain and spinal cord from all groups were
harvested and analyzed.

RNA Analysis of Huntingtin Expression Levels

RNA was extracted from the frontal cortex, temporal cor-
tex, and the cervical cord for real-time PCR analysis of hun-
tingtin mRNA levels. Rat huntingtin mRNA levels were mea-
sured using the primer probe set rHtt_T'TS00343 normalized
to Cyclophilin levels. The results are presented in Table 88
and are expressed as percent inhibition compared to the aver-
age of the PBS control groups.
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TABLE 88

Percent inhibition of huntingtin mRNA
expression in Sprague Dawley rats

Dose %
Tissue schedule Dose inhibition
Frontal Cortex IT Infusion 50 pg/day 11
Single IT 350 g 28
Bolus
Repeated IT 120 pg x 3 21
Bolus
Repeated IT 350 pg x 3 0
Bolus
Temporal IT Infusion 50 pg/day 0
Cortex Single IT 350 g 34
Bolus
Repeated IT 120 pg x 3 44
Bolus
Repeated IT 350 pg x 3 48
Bolus
Cervical Cord IT Infusion 50 pg/day 22
Single IT 350 g 45
Bolus
Repeated IT 120 pg x 3 58
Bolus
Repeated IT 350 pg x 3 46
Bolus

RNA Analysis of AIF1 Expression Levels

RNA was extracted from frontal cortex, temporal cortex,
and the cervical cord for real-time PCR analysis of AIF1
mRNA levels. Rat AIF1 levels were measured using the rat
primer probe set rAifl_I.TS00219. Results were calculated as
the percentage of AIF1 expression over that of the PBS con-
trol and are presented in Table 89. The results indicate that
repeated I'T bolus administrations lead to inflammation at the
cervical cord tissues. Continuous IT administration and
single I'T bolus administrations were well tolerated in the rats.

TABLE 89

Percent expression of AIF1 mRNA levels in
Sprague Dawley rats as a measure of neurotoxicity

Dose %
Tissue schedule Dose inhibition
Frontal Cortex IT Infusion 50 pg/day -36
Single IT 350 g -4
Bolus
Repeated IT 120 pg x 3 41
Bolus
Repeated IT 350 pg x 3 -7
Bolus
Temporal IT Infusion 50 pg/day 15
Cortex Single IT 350 g 22
Bolus
Repeated IT 120 pg x 3 25
Bolus
Repeated IT 350 pg x 3 76
Bolus
Cervical Cord IT Infusion 50 pg/day 108
Single IT 350 g 72
Bolus
Repeated IT 120 pg x 3 473
Bolus
Repeated IT 350 pg x 3 268
Bolus
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Example 21

Measurement of Half-Life of ISIS 436689 in the
CNS Tissues of Cynomolgous Monkeys Via
Intrathecal Administration

Cynomolgous monkeys were administered ISIS 436689
intrathecally (IT) for the purpose of measuring the half-life
and duration of action of the antisense oligonucleotide
against huntingtin mRNA expression in various CNS tissues.
Treatment

The study was conducted at Northern Biomedical
Research, MI. Prior to the start of the treatment, the monkeys
were kept in quarantine for a 4-week time period, during
which standard panels of serum chemistry and hematology,
examination of fecal samples for ova and parasites, and a
tuberculosis test, were conducted to screen out abnormal or
ailing monkeys. The monkeys were implanted with intrathe-
cal lumbar catheters using polyurethane catheters connected
to a subcutaneous titanium access port (P.A.S. PORT® Elite
Plastic/Titanium portal with Ultra lock connector). For con-
tinuous infusion using an external pump, the animals were
anesthetized to attach the dosing apparatus to the port. The
animals were pretreated with atropine sulfate by subcutane-
ous injection at a dose of 0.04 mg/kg. Approximately 15
minutes later, an intramuscular dose of 8 mg/kg of ketamine
HC1 was administered to induce sedation. The animals were
masked to a surgical plane of anesthesia, intubated and main-
tained on approximately 1 L/min of oxygen and 2% halothane
or isoflurane. The animals received a single intramuscular
dose of 5 mg/kg ceftiofur sodium antibiotic. An incision was
made near the port for placement of the modified needle
support. The modified needle was placed in the port and
secured with sutures. Upon recovery from surgery, a jacket
was placed on the animal.

Fifteen male cynomolgus monkeys were administered 4
mg/day of ISIS 436689 at a concentration of 1.67 mg/ml. and
at a flow rate of 2.4 mI./day for 21 days. A control group of 3
cynomolgus monkeys was administered with PBS in a similar
manner for the same time period. Groups of 3 monkeys each
were allowed recovery periods of 1 day, 2 weeks, 4 weeks, or
8 weeks, after which they were euthanized. During the study
period, the monkeys were observed daily for signs of illness
or distress.

All animals were sedated with an intramuscular injection
of 8.0 mg/kg of ketamine HCI, maintained on a halothane or
isoflurane/oxygen mixture, and provided with an intravenous
bolus of heparin Na at 200 IU/kg. The animals were perfused
via the left cardiac ventricle with 0.001% sodium nitrite in
saline.

At the time of sacrifice, the brain was cut in a brain matrix
at3 mm coronal slice thickness. Several brain structures were
sampled using a 4 mm biopsy punch. One 4 mm diameter
sample from each structure was placed in 2 mL screw capped
tubes containing 1.0 mL of RNAlater RNA stabilization solu-
tion (Qiagen, CA), incubated for 1 hour at ambient tempera-
ture and then frozen. Adjacent 6 mm diameter samples were
placed in 2 ml. screw capped tubes and frozen for pharma-
cokinetic analysis.

The spinal cord was sectioned into cervical, thoracic and
lumbar sections, and approximately 3 mm thick sections of
each area of the spinal cord were taken for RNA and pharma-
cokinetic analysis. These samples were processed in a man-
ner similar to those of the brain samples.
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Samples of the liver were harvested for RNA and pharma-
cokinetic analyses. These samples were processed in a man-
ner similar to those of the brain and spinal cord described
above.

RNA Analysis

RNA was extracted from the lumbar spinal cord, thoracic
spinal cord, cervical spinal cord, frontal cortex, occipital cor-
tex, cerebellar cortex, caudate tissue, hippocampus, middle
brain, and pons for real-time PCR analysis of huntingtin
mRNA levels with primer probe set RTS2617. The results
measured in the various sections of the spinal cord are pre-
sented in Table 90 and are expressed as percent inhibition
compared to that measured in the PBS control group at 8
weeks. The results measured in the various sections of the
brain are presented in Table 91 and are expressed as percent
inhibition compared to that measured in the PBS control
group at 8 weeks.

TABLE 90

Effect of ISIS 436689 administered IT on huntingtin
mRNA expression in the spinal cord at various time points

Lumbar Thoracic Cervical
Recovery spinal spinal spinal
period cord cord cord
1 Day 36 66 65
2 Weeks 56 55 54
4 Weeks 0 63 65
8 Weeks 43 48 44
TABLE 91

Effect of ISIS 436689 administered IT on huntingtin mRNA expression
in various brain tissues at various time points

Re- Fron-  Occip-  Cere- Mid-
covery tal ital bellar Cau- Hippo- dle
period cortex  cortex cortex date campus brain Pons
1 Day 53 37 8 21 19 24 22
2 Weeks 42 28 16 3 28 0 32
4 Weeks 47 32 25 7 22 2 43
8 Weeks 33 34 11 17 27 5 22

Oligonucleotide Concentration Measurement by ELISA

Tissues (20 mg) were minced, weighed, and homogenized
prior to liquid/liquid extraction using phenol/chloroform. The
supernatant was removed, lyophilized, and reconstituted in
human EDTA plasma (1 mL) before being analyzed using a
hybridization ELISA procedure.

ISIS 436689 was detected in the tissues by hybridization to
a labeled complementary cutting probe (digoxigenin at the 5'
end and a C18 spacer and BioTEG atthe 3' end). The complex
was then captured on a neutravidin-coated plate and S1
nuclease was added to digest the unhybridized cutting probes.
Since ISIS 436689 protected the cutting probe from diges-
tion, the undigested cutting probe was used as a measure of
the oligonucleotide concentration. The undigested cutting
probe was detected using an anti-digoxigenin antibody con-
jugated to alkaline phosphatase followed by fluorogenic sub-
strate readout. Oligonucleotide concentrations were mea-
sured in the cervical, thoracic, and lumbar sections of the
spinal cord and in the liver on days 7, 20, 34, and 62 of the
recovery period, and are presented in Table 92. The half-life
of ISIS 436689 in these tissues was calculated from this data,
and is presented in Table 93. The data indicates that the
oligonucleotide was mainly concentrated in the CNS with
negligible concentrations in the systemic tissues.
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TABLE 92 TABLE 93
Concentrations (jug/g tissue) of ISIS 436689 administered IT on Half-life of ISIS 436689 administered IT on huntingtin
huntingtin mRNA expression in various tissues at various time points mRNA expression in various tissues
Organ Day 7 Day 20 Day 34 Day 62 5 Organ Half-life
Cervical cord 118.9 78.7 79.8 42.8 Cervical cord 4.0
Thoracic cord 503.5 215.8 101.6 61.4 Thoracic cord 15.1
Lumbar cord 557.1 409.5 143.3 49.5 Lumbar cord 18.7
Liver 33.6 10.3 2.0 0.2 Liver 7.6

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 56

<210> SEQ ID NO 1

<211> LENGTH: 13481

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

getgeeggga cgggtccaag atggacggece getcaggtte tgettttace tgeggeccag 60
agccccatte attgeceegg tgctgagegg cgecgegagt cggeccgagg cctceegggga 120
ctgeegtgece gggegggaga cegecatgge gaccctggaa aagetgatga aggecttega 180
gtcecctcaag tecttecage agcagcagca gcagcageag cageagcage agcagcagea 240
gcagcagcag cagcagcagce aacagccgeco accgecgeeg cegecgecge cgectectea 300
gcettecteag ccegeegecge aggcacagece getgetgect cagecgeage cgecccegec 360
geegecceeg ccgecaccaeg geceggetgt ggetgaggag cegetgeace gaccaaagaa 420
agaactttca gctaccaaga aagaccgtgt gaatcattgt ctgacaatat gtgaaaacat 480
agtggcacag tctgtcagaa attctccaga atttcagaaa cttetgggca tcgctatgga 540
actttttetyg ctgtgcagtg atgacgcaga gtcagatgtce aggatggtgg ctgacgaatg 600
cctcaacaaa gttatcaaag ctttgatgga ttcetaatctt ccaaggttac agctcgaget 660
ctataaggaa attaaaaaga atggtgccce tcggagtttg cgtgetgece tgtggaggtt 720
tgctgagetyg getcacctgg tteggectca gaaatgcagg ccttacctgg tgaaccttet 780
geegtgectyg actcgaacaa gcaagagacce cgaagaatca gtccaggaga ccttggetge 840
agctgttecce aaaattatgg cttettttgg caattttgca aatgacaatg aaattaaggt 900
tttgttaaag gecttcatag cgaacctgaa gtcaagetece cccaccatte ggeggacage 960

ggctggatca gcagtgagca tctgccagca ctcaagaagg acacaatatt tctatagttg 1020
gctactaaat gtgctcttag gecttactegt tcecctgtcecgag gatgaacact ccactctget 1080
gattcttgge gtgctgctca cectgaggta tttggtgece ttgctgcage agcaggtcaa 1140
ggacacaagc ctgaaaggca gcttcggagt gacaaggaaa gaaatggaag tctctcectte 1200
tgcagagcag cttgtccagg tttatgaact gacgttacat catacacagc accaagacca 1260
caatgttgtg accggagccce tggagcectgtt gcagcagcetce ttcagaacgce ctcecacccga 1320
gcttectgcaa accctgaccg cagtcecggggg cattgggcag ctcaccgcectg ctaaggagga 1380
gtctggtgge cgaagccgta gtgggagtat tgtggaactt atagctggag ggggttcectce 1440
atgcagccct gtcectttcaa gaaaacaaaa aggcaaagtg ctcttaggag aagaagaagc 1500
cttggaggat gactctgaat cgagatcgga tgtcagcagc tctgceccttaa cagcectcagt 1560

gaaggatgag atcagtggag agctggctgc ttcttcaggg gtttccactce cagggtcage 1620
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-continued

aggtcatgac atcatcacag aacagccacg gtcacagcac acactgcagyg cggactcagt 1680
ggatctggee agctgtgact tgacaagctc tgccactgat ggggatgagg aggatatctt 1740
gagccacage tccagccagg tcagegecgt ccecatctgac cctgcecatgg acctgaatga 1800
tgggacccag gcctegtege ccatcagega cagcetcccag accaccaccyg aagggectga 1860
ttcagctgtt accccttcag acagttctga aattgtgtta gacggtaccg acaaccagta 1920
tttgggcctg cagattggac agccccagga tgaagatgag gaagccacag gtattcttcece 1980
tgatgaagcce tcggaggcect tcaggaactce ttceccatggcece cttcaacagg cacatttatt 2040
gaaaaacatg agtcactgca ggcagccttc tgacagcagt gttgataaat ttgtgttgag 2100
agatgaagct actgaaccgg gtgatcaaga aaacaagcect tgccgcatca aaggtgacat 2160
tggacagtcc actgatgatg actctgcacce tcttgtecat tgtgtccgece ttttatctge 2220
ttegtttttyg ctaacagggyg gaaaaaatgt gctggttcecg gacagggatg tgagggtcag 2280
cgtgaaggcce ctggccctceca getgtgtggg agcagctgtg gecctceccacce cggaatcttt 2340
cttcagcaaa ctctataaag ttcctcecttga caccacggaa taccctgagg aacagtatgt 2400
ctcagacatc ttgaactaca tcgatcatgg agacccacag gttcgaggag ccactgccat 2460
tctetgtggg accctcatcet getccatcect cagcaggtece cgcttceccacg tgggagattg 2520
gatgggcacc attagaaccc tcacaggaaa tacattttet ttggcggatt gcattccttt 2580
gctgecggaaa acactgaagg atgagtcttce tgttacttge aagttagett gtacagetgt 2640
gaggaactgt gtcatgagtc tctgcagcag cagctacagt gagttaggac tgcagctgat 2700
catcgatgtg ctgactctga ggaacagttc ctattggctg gtgaggacag agcttctgga 2760
aacccttgca gagattgact tcaggctggt gagetttttg gaggcaaaag cagaaaactt 2820
acacagaggg gctcatcatt atacagggct tttaaaactg caagaacgag tgctcaataa 2880
tgttgtcatc catttgcttyg gagatgaaga ccccagggtg cgacatgttg ccgcagcatce 2940
actaattagg cttgtcccaa agctgtttta taaatgtgac caaggacaag ctgatccagt 3000
agtggcegtg gcaagagatc aaagcagtgt ttacctgaaa cttctcatge atgagacgca 3060
gcctecatet catttectceccg tcagcacaat aaccagaata tatagaggct ataacctact 3120
accaagcata acagacgtca ctatggaaaa taacctttca agagttattg cagcagtttc 3180
tcatgaacta atcacatcaa ccaccagagc actcacattt ggatgctgtg aagctttgtg 3240
tcttetttee actgecttec cagtttgcat ttggagttta ggttggcact gtggagtgcece 3300
tccactgagt gectcagatg agtctaggaa gagctgtacce gttgggatgg ccacaatgat 3360
tctgaccctg ctectegtecag cttggttcecce attggatcecte tcagcccatce aagatgettt 3420
gattttggcc ggaaacttgce ttgcagccag tgctcccaaa tcectctgagaa gttcatggge 3480
ctctgaagaa gaagccaacc cagcagcecac caagcaagag gaggtctgge cagecctggg 3540
ggaccgggece ctggtgeccca tggtggagca gcectcttctet cacctgctga aggtgattaa 3600
catttgtgcce cacgtcctgg atgacgtgge tcctggacce gcaataaagg cagcecttgece 3660
ttctctaaca aacccccecett ctectaagtcee catccgacga aaggggaagg agaaagaacce 3720
aggagaacaa gcatctgtac cgttgagtcc caagaaaggc agtgaggcca gtgcagcttce 3780
tagacaatct gatacctcag gtcctgttac aacaagtaaa tcctcatcac tggggagttt 3840
ctatcatctt ccttcatacc tcaaactgca tgatgtcctg aaagctacac acgctaacta 3900
caaggtcacg ctggatcttc agaacagcac ggaaaagttt ggagggtttc tccgctcagce 3960

cttggatgtt ctttctcaga tactagagct ggccacactg caggacattg ggaagtgtgt 4020
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-continued

tgaagagatc ctaggatacc tgaaatcctg ctttagtcga gaaccaatga tggcaactgt 4080
ttgtgttcaa caattgttga agactctctt tggcacaaac ttggcctcce agtttgatgg 4140
cttatcttece aaccccagca agtcacaagg ccgagcacag cgccttgget cctceccagtgt 4200
gaggccaggce ttgtaccact actgcttcat ggccccgtac acccacttca cccaggecect 4260
cgctgacgee agectgagga acatggtgca ggcggagcag gagaacgaca cctegggatg 4320
gtttgatgtc ctccagaaag tgtctaccca gttgaagaca aacctcacga gtgtcacaaa 4380
gaaccgtgca gataagaatg ctattcataa tcacattcgt ttgtttgaac ctcttgttat 4440
aaaagcttta aaacagtaca cgactacaac atgtgtgcag ttacagaagc aggttttaga 4500
tttgctggeg cagctggtte agttacgggt taattactgt cttctggatt cagatcaggt 4560
gtttattggc tttgtattga aacagtttga atacattgaa gtgggccagt tcagggaatc 4620
agaggcaatc attccaaaca tcectttttctt cttggtatta ctatcttatg aacgctatca 4680
ttcaaaacag atcattggaa ttcctaaaat cattcagctc tgtgatggca tcatggccag 4740
tggaaggaag gctgtgacac atgccatacc ggctctgcag cccatagtcce acgacctcett 4800
tgtattaaga ggaacaaata aagctgatgc aggaaaagag cttgaaaccc aaaaagaggt 4860
ggtggtgtca atgttactga gactcatcca gtaccatcag gtgttggaga tgttcattct 4920
tgtcctgecag cagtgccaca aggagaatga agacaagtgg aagcgactgt ctcgacagat 4980
agctgacatc atcctcccaa tgttagccaa acagcagatg cacattgact ctcatgaagce 5040
ccttggagtg ttaaatacat tatttgagat tttggccect tectcececctee gteccggtaga 5100
catgctttta cggagtatgt tcgtcactcc aaacacaatg gcgtccgtga gcactgttca 5160
actgtggata tcgggaattc tggccatttt gagggttcetg atttcccagt caactgaaga 5220
tattgttectt tectcegtatte aggagctcte cttetctecg tatttaatcet cctgtacagt 5280
aattaatagg ttaagagatg gggacagtac ttcaacgcta gaagaacaca gtgaagggaa 5340
acaaataaag aatttgccag aagaaacatt ttcaaggttt ctattacaac tggttggtat 5400
tcttttagaa gacattgtta caaaacagct gaaggtggaa atgagtgagc agcaacatac 5460
tttctattge caggaactag gcacactgct aatgtgtcetg atccacatct tcaagtcectgg 5520
aatgttccgg agaatcacag cagctgccac taggctgttce cgcagtgatg getgtggegg 5580
cagtttctac accctggaca gcttgaactt gcgggctegt tccatgatca ccacccaccce 5640
ggcecetggtyg ctgctetggt gtcagatact getgecttgte aaccacaccg actaccgetg 5700
gtgggcagaa gtgcagcaga ccccgaaaag acacagtctg tcecagcacaa agttacttag 5760
tcecccagatg tctggagaag aggaggattcec tgacttggca gccaaacttg gaatgtgcaa 5820
tagagaaata gtacgaagag gggctctcat tctecttetgt gattatgtet gtcagaacct 5880
ccatgactcc gagcacttaa cgtggctcat tgtaaatcac attcaagatc tgatcagcect 5940
ttcccacgag cctcecagtac aggacttcat cagtgcegtt catcggaact ctgctgecag 6000
cggcctgtte atccaggcaa ttcagtctceg ttgtgaaaac ctttcaactce caaccatget 6060
gaagaaaact cttcagtgct tggaggggat ccatctcagc cagtcgggag ctgtgctcac 6120
gctgtatgtyg gacaggctte tgtgcacccce tttcecegtgtg ctggcetcecgca tggtcgacat 6180
ccttgettgt cgccgggtag aaatgcttct ggctgcaaat ttacagagca gcatggccca 6240
gttgccaatg gaagaactca acagaatcca ggaatacctt cagagcagcg ggctcgctca 6300

gagacaccaa aggctctatt ccctgctgga caggtttcecgt ctectccacca tgcaagactce 6360
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acttagtccce tctcectecag tetcettecca ccecegectggac ggggatggge acgtgtcact 6420
ggaaacagtg agtccggaca aagactggta cgttcatctt gtcaaatccc agtgttggac 6480
caggtcagat tctgcactgc tggaaggtgc agagctggtg aatcggattce ctgctgaaga 6540
tatgaatgcce ttcatgatga actcggagtt caacctaagc ctgctagctce catgcttaag 6600
cctagggatg agtgaaattt ctggtggcca gaagagtgcce ctttttgaag cagcccgtga 6660
ggtgactctg gccegtgtga gcggcaccgt gcagcagcte cctgcetgtcece atcatgtett 6720
ccagcceccgag ctgcctgcag ageccggceggce ctactggage aagttgaatg atctgtttgg 6780
ggatgctgca ctgtatcagt ccctgcccac tectggeccgg gecctggcac agtacctggt 6840
ggtggtctec aaactgccca gtcatttgca ccttectect gagaaagaga aggacattgt 6900
gaaattcgtg gtggcaacce ttgaggccct gtcctggcat ttgatccatg agcagatccce 6960
gctgagtetyg gatctceccagg cagggctgga ctgctgctge ctggecctge agetgcecetgg 7020
cctcectggage gtggtctect ccacagagtt tgtgacccac gectgectcece tcecatctactg 7080
tgtgcacttc atcctggagg ccgttgcagt gcagectgga gagcagcttce ttagtccaga 7140
aagaaggaca aataccccaa aagccatcag cgaggaggag gaggaagtag atccaaacac 7200
acagaatcct aagtatatca ctgcagcctg tgagatggtg gcagaaatgg tggagtctct 7260
gcagtcggtyg ttggecttgg gtcataaaag gaatagcggce gtgccggegt ttcectcacgece 7320
attgctaagg aacatcatca tcagcctggce ccgectgecce cttgtcaaca gctacacacg 7380
tgtgccceccca ctggtgtgga agettggatg gtcacccaaa ccgggagggg attttggcac 7440
agcattccct gagatcceeg tggagttcecct ccaggaaaag gaagtcttta aggagttcat 7500
ctaccgcatc aacacactag gctggaccag tcgtactcag tttgaagaaa cttgggccac 7560
ccteecttggt gtectggtga cgcagceccct cgtgatggag caggaggaga gceccaccaga 7620
agaagacaca gagaggaccc agatcaacgt cctggcegtyg caggccatca cctcactggt 7680
gctcagtgca atgactgtgce ctgtggcecgg caacccaget gtaagcetget tggagcagca 7740
gcceecggaac aagcectctga aagcectctcecga caccaggttt gggaggaagc tgagcattat 7800
cagagggatt gtggagcaag agattcaagc aatggtttca aagagagaga atattgccac 7860
ccatcattta tatcaggcat gggatcctgt cccttctetg tectcececggcta ctacaggtgce 7920
cctcatcage cacgagaagce tgctgctaca gatcaaccee gagegggage tggggagcat 7980
gagctacaaa ctcggccagg tgtccataca ctcegtgtgg ctggggaaca gcatcacacce 8040
cctgagggag gaggaatggg acgaggaaga ggaggaggag gcecgacgece ctgcacctte 8100
gtcaccacce acgtctccag tcaactccag gaaacaccgg gctggagttg acatccactce 8160
ctgttcgcag tttttgcttg agttgtacag ccgctggatc ctgccgtcca getcagceccag 8220
gaggaccecceg gccatcctga tcagtgaggt ggtcagatcce cttctagtgg tctcagactt 8280
gttcaccgag cgcaaccagt ttgagctgat gtatgtgacg ctgacagaac tgcgaagggt 8340
gcaccctteca gaagacgaga tcctcecgetca gtacctggtyg cctgccacct gcaaggcagce 8400
tgccgtectt gggatggaca aggccgtgge ggagcectgtce agceccgectge tggagagcac 8460
gctcaggage agccacctge ccagcagggt tggagceccctg cacggcgtcece tctatgtget 8520
ggagtgcgac ctgctggacg acactgccaa gcagctcatce ccggtcatca gcgactatct 8580
cctectecaac ctgaaaggga tcgcccactg cgtgaacatt cacagccagce agcacgtact 8640
ggtcatgtgt gccactgcegt tttacctcat tgagaactat cctctggacg tagggccgga 8700

attttcagca tcaataatac agatgtgtgg ggtgatgctg tctggaagtg aggagtccac 8760
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ccectecate atttaccact gtgccectcag aggectggag cgcectectge tetcectgagcea 8820
gcteteecege ctggatgcag aatcgcectggt caagctgagt gtggacagag tgaacgtgca 8880
cagceegcac cgggecatgg cggctetggg ccectgatgete acctgcatgt acacaggaaa 8940
ggagaaagtc agtccgggta gaacttcaga ccctaatcct gecagccceeg acagcgagtce 9000
agtgattgtt gctatggagc gggtatctgt tctttttgat aggatcagga aaggctttcce 9060
ttgtgaagcce agagtggtgg ccaggatcct gccccagttt ctagacgact tettcccacce 9120
ccaggacatc atgaacaaag tcatcggaga gtttctgtcce aaccagcagce cataccccca 9180
gttcatggcc accgtggtgt ataaggtgtt tcagactctg cacagcaccg ggcagtcegtce 9240
catggtccgg gactgggtca tgctgteccct ctecaactte acgcagaggg ccccggtegce 9300
catggccacg tggagcctet cctgettcett tgtcagegeg tceccaccagece cgtgggtegce 9360
ggcgatccete ccacatgtca tcagcaggat gggcaagctyg gagcaggtgg acgtgaacct 9420
tttctgectyg gtcgeccacag acttctacag acaccagata gaggaggagce tcgaccgcag 9480
ggccttecag tetgtgettg aggtggttge ageccccagga ageccatatce accggctget 9540
gacttgttta cgaaatgtcc acaaggtcac cacctgctga gcgccatggt gggagagact 9600
gtgaggcggce agctggggcce ggagcctttg gaagtcectgeg cccttgtgece ctgectecac 9660
cgagccagcet tggtccctat gggcttecge acatgccegeg ggcggccagg caacgtgegt 9720
gtctectgeca tgtggcagaa gtgctctttg tggcagtggce caggcaggga gtgtctgcag 9780
tcetggtggg getgagectyg aggccttcecca gaaagcagga gcagctgtge tgcaccccat 9840
gtgggtgacc aggtccttte tcctgatagt cacctgctgg ttgttgccag gttgcagetg 9900
ctcttgcate tgggccagaa gtcectcececcte ctgcaggetg getgttggece cctetgetgt 9960
cctgcagtag aaggtgcegt gagcaggctt tgggaacact ggectgggte teccctggtgg 10020
ggtgtgcatg ccacgccccg tgtetggatg cacagatgec atggcecctgtg ctgggccagt 10080
ggctgggggt gctagacacc cggcaccatt ctcccttcte tettttette tcaggattta 10140
aaatttaatt atatcagtaa agagattaat tttaacgtaa ctctttctat gcccgtgtaa 10200
agtatgtgaa tcgcaaggcc tgtgctgcat gcgacagegt ccggggtggt ggacagggece 10260
cceggecacg ctecectetee tgtagecact ggcatagece tcecctgagcac ccgctgacat 10320
ttcecgttgta catgttcectg tttatgcatt cacaaggtga ctgggatgta gagaggcgtt 10380
agtgggcagg tggccacagc aggactgagg acaggccccce attatcctag gggtgegcte 10440
acctgcagcece cctectecte gggcacagac gactgtegtt ctcecacccac cagtcaggga 10500
cagcagcctce cctgtcacte agctgagaag gccagcccte cctggetgtg agcagectcee 10560
actgtgtcca gagacatggg cctcccacte ctgttcecttg ctageecctgg ggtggegtet 10620
gcctaggage tggcectggcag gtgttgggac ctgctgcectec atggatgcat gccecctaagag 10680
tgtcactgag ctgtgttttg tctgagecte tctecggtcaa cagcaaagcet tggtgtecttg 10740
gcactgttag tgacagagcc cagcatccct tcectgcccceg ttceccagctga catcttgcac 10800
ggtgaccecct tttagtcagg agagtgcaga tctgtgctca tcecggagactg ccccacggee 10860
ctgtcagagc cgccactcecct atccccagge caggtcectg gaccagecte ctgtttgcag 10920
gcccagagga gccaagtcat taaaatggaa gtggattctg gatggccggg ctgcetgcectga 10980
tgtaggagct ggatttggga gctctgettg ccgactggct gtgagacgag gcaggggcte 11040

tgcttectca gecctagagg cgagccaggce aaggttggceg actgtcatgt ggecttggttt 11100



107

US 9,273,315 B2

-continued

108

ggtcatgece

tgtgcaggtg

dgggagceagce

gagccectee

acagaggcct

aaaggggtcc

aaatcaccat

gecegetaga

cgectecage

gatgttgtte

agccatteee

acgacgtgat

tgtcccecac

aaaatgactt

ataattttac

ggttettect

catccaggeg

gcgaagatgg

aaaatctgtg

gttgtcaagt

cgggaaagat

tttcccaaaa

ccagetgeca

tcaaggggaa

geecctgtgee

ccteggagec

ggacggatag

cgttgegggg

gctacctgty

ccteectetyg

cctecagagyg

ccttggagag

dgaaggaggy

ggccgetett

cagttgttte

ggatcgtggc

ttgtccaggt

cecctggagec

tctgagagea

cattgtacat

gtcgatgttt

ctgecttgag

tgagatgtgg

tctgagcage

ccceccagceca

gatgtttgag

tccegtattgg

aggtttggga

ctceeeegea

ctggctagat

ttggaatgca

ctaaaccagt

ccccaaagac

cacccacgca

acacacacct

ggaagttgac

tgggacgtgg

tctccatatce

gcaagcacce

tttgggggty

tttaatgaaa

tgtgcctece

agtgctettt

aatgtgaagc

ctaaaggaca

aatgaacagc

tagacagcaa

tggagtgagg

agcatcctte

c¢ggggaggac

ggtcacgtgt

ctcaggatgg

agctgeteag

cccecatgtyg

taagagcaga

caacgtggac

ctcactgett

agcagggctg

aagggaagga

ccaaattaaa

tgggtattga

acccccaagce

acttgtatge

ctctgecagy

ggaccaccte

gaggccctta

ttgggggctc

acgaggggaa

ggttatgtca

gtttacattt

tatcgetggyg

ccttagcaag

ctgectgtgt

tatacataaa

ctcaagacgg

tttecttaga

tcagggcagg

agctctetge

atcgtattat

ggctgtgggy

ccagggtaga

ttcegetgeg

gttactgtce

tgaacccect

ccectegece

tcctectett

taactcggtyg

ttagttetgt

ccagcagaca

cegggaccac

aggagtgaga

ctcagacgag

aatgccgeat

cctgteacge

gtcteecget

ctgectacgyg

tgcaccgtygyg

tgatgggcga

ctgacgagag

ggaaaaaaat

atgtggtaag tggaggaaat

ttccacctgt ccctetecta

tgcccacata cgtgaggggyg

cctgtatgag gettttecca

gtcetegtgyg cggggcagca

agggaagcta ctgaattata

ctgtttctea tcctagettt

agttctcaga actgttgget

gcagctctga gacagcagta

gtaagaaata acactgtgaa

ctcaacatag agtttgtett

gggctcagaa caccccegete

getecggaga tgaatatgag

gtatccatge atgtgcatat

agatgcatgyg cctctaagag

ccegecaggt caagttagec

gctcatteat tgcccactag

agaagggagyg aagactttat

ccaaattttyg ttgcaaatgt

agattgcttt tgttttectg

attgtttgge aatgcactga

ggcccagetyg agtctatgta

acccteattt ctgccagege

ccagacacce agaatgtage

ccatctteat ggagggggte

ggagctgaga tgagccccac

tgtggccgee tggcaggtgg

gtgtctggtg ggtggagtca

tcctecategyg getttgtece

agctgetgge cagggtagac

agaaggaaga tcttgagagce

gacactcget tgccgggect

gacaactgaa ggcaacctgg

tctggtgcayg tcaaaggaac

gcaatetggg tggtaactge

agggtgggct ctgacccaag

tcagagggac tgtcagctga

gtcecggage cccacccaga

atgtatattt aattttttaa

ggaaaccatce a

gttggaactc

tgtggcaget

agctgaaagg

ccagcteeca

ggagcggtag

acacgtaaga

ttcctggaaa

getecccace

tcacaggcca

tgtaaaacag

cctettgttt

tggcagtagg

ctcattagta

agacacatct

tgccegtgte

gegtgacgga

gatcccactg

catgttccta

gattaatttg

ctggtaatat

agcgtgttte

ggtgatgttt

atgtgtectt

atctgagaag

atttcagagce

gtggagcteg

aacttcctce

ggcttetett

tccecegett

ttggagctgt

tgctgaggga

gggecteetyg

aaggttcagg

gecttecect

cagccttgga

tggggectee

gettgagete

cctgaatget

ctgctgcaaa

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13481
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<210> SEQ ID NO 2
<211> LENGTH: 172001
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
cctgecagggg cctcetecage tcactggggyg tggggtgggyg gtcacacttyg gggtectcag 60
gtegtgecga ccacgegecat tctetgeget ctgcegecagga getcgeccac cceteteceeg 120
tgcagagagce cccgcagetg getcceegea gggetgteeg ggtgagtatg getcetggeca 180
cgggecagtyg tggegggagg gcaaacccca aggcecaccte ggcetcagagt ccacggecgg 240
ctgtegeccee getecaggeg teggeggggg atecttteeyg catgggectyg cgcccgeget 300
cggegeccee tccacggece cgecccegtee atggeccegt ccettecatggyg cgageccecte 360
catggecctyg cccctecgeg ccccaccect cectegecee acctetcace ttectgecce 420
geecccagee tcecccaacce tcaccggeca gteccectece ctatceegte cgeccectceag 480
cegecccgee cctcagecgg cctgectaat gteccegtece ccagcatcege cccgecccge 540
cceegteteg cccegecect caggeggect cectgetgtyg cecegecceeyg gectegecac 600
geeectaccet caccacgcece cccgeatcge cacgcecccce geatcgecac gectecctta 660
ccatgcagte ccgeccegte ccttectegt ceegectege cgegacactt cacacacage 720
ttegectcac cccattacag tctcaccacg ceccgtecee teteecgttga geccegegee 780
ttegeceggg tggggegetyg cgectgtecage ggecttgetyg tgtgaggcag aacctgeggyg 840
ggcaggggeyg ggctggttee ctggecagece attggcagag tcecgcagget agggetgtca 900
atcatgcetgg ccggegtgge ccecgecteeg ceggegegge ccecegectecyg cceggegeage 960
gtetgggacyg caaggcgcecyg tgggggctge cgggacgggt ccaagatgga cggecgctca 1020
ggttctgett ttacctgcgg cccagagccce cattcattge cecggtgetg agecggcgecy 1080
cgagteggee cgaggectcee ggggactgece gtgecegggeyg ggagaccgece atggegacce 1140
tggaaaagct gatgaaggcc ttcgagtcce tcaagtcectt ccagcagcag cagcagcagc 1200
agcagcagca gcagcagcag cagcagcagce agcagcagca acagccgceca ccgecgecge 1260
cgecgecgee gectectecag cttectecage cgecgecgea ggcacagecyg ctgcetgecte 1320
agccgeagee geceeegecog ccgcoceecge cgecacceegyg ceeggetgtyg getgaggage 1380
cgctgcaccg accgtgagtt tgggcccgct gcagctceect gtceccecggcegg gtecccaggcet 1440
acggcgggga tggeggtaac cctgcagect gegggcecgge gacacgaacce cccggecccyg 1500
cagagacaga gtgacccagc aacccagagce ccatgaggga cacccgccce ctcectgggge 1560
gaggccttec cccacttcag ccecegctece tcacttgggt ctteccttgt cctetegega 1620
ggggaggcag agccttgttg gggcectgtece tgaattcacce gaggggagtc acggcctceag 1680
ccetetegee cttegcagga tgcgaagagt tggggcgaga acttgtttet ttttatttge 1740
gagaaaccag ggcgggggtt cttttaactg cgttgtgaag agaacttgga ggagccgaga 1800
tttgctcagt geccacttecee tettctagte tgagagggaa gagggctggg ggcgcgggac 1860
acttcgagag gaggcggggt ttggagctgg agagatgtgg gggcagtgga tgacataatg 1920
cttttaggac gcctcggegg gagtggeggg gcaggggggg ggcggggagt gagggegegt 1980
ccaatgggag atttcttttc ctagtggcac ttaaaacagc ctgagatttg aggctcttcce 2040
tacattgtca ggacatttca tttagttcat gatcacggtg gtagtaacac gattttaagc 2100
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accacctaag agatctgctce atctaagcct aagttggtcect gcaggcgttt gaatgagttg 2160
tggttgccaa gtaaagtggt gaacttacgt ggtgattaat gaaattatct taaatattag 2220
gaagagttga ttgaagtttt ttgcctatgt gtgttgggaa taaaaccaac acgttgctga 2280
tggggaggtt aattgccgag ggatgaatga ggtgtacatt ttaccagtat tccagtcagg 2340
cttgccagaa tacggggggt ccgcagactce cgtgggcatc tcagatgtgce cagtgaaagg 2400
gtttectgttt gcecttcattge tgacagettg ttactttttyg gaagctaggg gtttcectgttyg 2460
cttgttettg gggagaattt ttgaaacagg aaaagagaga ccattaaaac atctagcgga 2520
accccaggac tttcectgga agtctgtgtg tcgagtgtac agtaggagtt aggaagtact 2580
ctggtgcagt tcaggccttt ctcecttaccte tcagtattect atttccgatce tggatgtgte 2640
ccagatggca tttggtaaga atatctctgt taagactgat taatttttag taatatttct 2700
tgttctttgt ttctgttatg atccttgtct cgtcecttcaaa gtttaattag aaaatgattce 2760
ggagagcagt gttagcttat ttgttggaat aaaatttagg aataaattat tctaaaggat 2820
ggaaaaactt tttggatatt tggagaaatt ttaaaacaat ttggcttatc tcttcagtaa 2880
gtaatttcte atccagaaat ttactgtagt gecttttctag gaggtaggtg tcataaaagt 2940
tcacacattg catgtatctt gtgtaaacac taaacagggc tcctgatggg aaggaagacce 3000
tttctgetgg getgcttecag acacttgatce attctaaaaa tatgccttet ctttcettatg 3060
ctgatttgac agaacctgca tttgcttatc ttcaaaatat gggtatcaag aaatttcctt 3120
tgctgecttg acaaaggaga tagattttgt ttcattactt taaggtaata tatgattacc 3180
ttatttaaaa aatttaatca ggactggcaa ggtggcttac acctttaatc cgagcacttt 3240
gggaggccta ggtggacgaa tcacctgagg tcaggagttt gagaccagcc tggctaacat 3300
ggtgaaaccc tgtctctact aaaaatacaa aaattagctg gtcatggtgg cacgtgectg 3360
taatccaagce tacctgggag gctgaggcag gaaaatcget tgaaccceggyg aggcagagte 3420
tgcagtgagt tgagatcacg ccactgcact ccagcctggg tgacagagcg agactctatce 3480
tcaaaaaaaa ttttttttaa tgtattattt ttgcataagt aatacattga catgatacaa 3540
attctgtaat tacaaaaggg caataattaa aatatcttcc ttccacccect ttectetgag 3600
tacctaactt tgtccccaag aacaagcact atttcagttc ctcatgtatc ctgccagata 3660
taacctgttc atattgtaag atagatttaa aatgctctaa aaacaaaagt agtttagaat 3720
aatatatatc tatatatttt ttgagatgta gtctcacatt gtcacccagg ctggagtgca 3780
gtgatacaat ctcggctcac tgcagtctct gectcecccagg ttcaaatget tctectgect 3840
cagccttetg agtagectggg attacaggcg cccaccacca tgtccagcta atttttgtat 3900
ttttagtaga gatggggttt caccatgttg gccaggctgg tcttgaactce ctgaccttgt 3960
gatctgtecca ccteggecte ccaaagtgcet gggattacag gtgtgagecca ccatgcectgg 4020
ctagaataat aacttttaaa ggttcttagc atgctctgaa atcaactgca ttaggtttat 4080
ttatagtttt atagttattt taaataaaat gcatatttgt catatttctc tgtattttgc 4140
tgttgagaaa ggaggtattc actaattttg agtaacaaac actgctcaca aagtttggat 4200
tttggcagtt ctgttcacgt gcttcagcca aaaaatcctc ttctcaaagt aagattgatg 4260
aaagcaattt agaaagtatc tgttctgttt ttatggctct tgctctttgg tgtggaactg 4320
tggtgtcacg ccatgcatgg gectcagttt atgagtgttt gtgctctget cagcatacag 4380
gatgcaggag ttccttatgg ggctggetge aggctcagca aatctagcat gcttgggagg 4440

gtcctcacag taattaggag gcaattaata cttgcttctg gcagtttcectt attcectcectte 4500



113

US 9,273,315 B2

114

-continued
agattcctat ctggtgtttce cctgacttta ttcattcatc agtaaatatt tactaaacat 4560
gtactatgtg cctggcactg ttataggtgc agggctcagc agtgagcaga caaagctcetg 4620
ccetegtgaa getttcatte taatgaagga catagacagt aagcaagata gataagtaaa 4680
atatacagta cgttaatacg tggaggaact tcaaagcagg gaaggggata gggaaatgtc 4740
agggttaatc gagtgttaac ttatttttat ttttaaaaaa attgttaagg gctttccagce 4800
aaaacccaga aagcctgcta gacaaattcce aaaagagctg tagcactaag tgttgacatt 4860
tttattttat tttgttttgt tttgtttttt ttgagacagt tcttgctcta tcagccaggce 4920
tggagtgcac tagtgtgatc ttggctcact gcaacctcectg cctcecttgggt tcaagtgatt 4980
ctcatgectce agcectcecctgt ttagectggga ttatagacat gcactgccat gectgggtaa 5040
tttttttttt ttccecccgag acggagtctt gctetgtege ccaggctgga gtgcagtggce 5100
gcgatctcag ctcactgcaa gcteccgette ccgagttcac gceccattcectece tgcctcagte 5160
tceccaagtag ctgggactac aggcgcectgce caccacgtcce agctaatttt tttgtatttt 5220
taatagagac ggggtttcac cgtgttagcc aggatgatct tgatctcctg acctcegtcat 5280
ccgccgacct tgtgatcecge ccacctegge cteccaaagt getgggatta caggcatgag 5340
ccactgtgcce cggccacgec tgggtaattt ttgtattttt agtagagatg gggttttgcece 5400
atgatgagca ggctggtctce gaactcccgg cctcatgtga tectgectgece ttggectece 5460
aaagtgctag gattacaggc atgagccacc atacctggcc agtgttgata ttttaaatac 5520
ggtgttcagyg gaaggtccac tgagaagaca gctttttttt tttttttttt tggggttggy 5580
gggcaaggtc ttgctcttta acccaggctg gaatgcagta tcactatcgt agctcactte 5640
agccttgaac tecctgggete aagtgatcct cccacctcaa cctcacaatg tgttgggact 5700
ataggtgtga gccatcacac ctggccagat gatggctttt gagtaaagac ctcaagcgag 5760
ttaagagtct agtgtaaggg tgtatgaagt agtggtattc cagatggggg gaacaggtcc 5820
aaaatcttcce tgtttcagga atagcaagga tgtcatttta gttgggtgaa ttgagtgagg 5880
gggacatttg tagtaagaag taaggtccaa gaggtcaagg gagtgccata tcagaccaat 5940
actacttgcce ttgtagatgg aataaagata ttggcattta tgtgagtgag atgggatgtc 6000
actggaggat tagagcagag gagtagcatg atctgaattt caatcttaag tgaactctgg 6060
ctgacaacag agtgaagggg aacaccggca aaagcagaaa ccagttagga agccactgca 6120
gtgctcagat aagcatggtg ggttctgtca gggtaccgge tgtcggctgt gggcagtgtg 6180
aggaatgact gactggattt tgaatgcgga accaactgca cttgttgaac tctgctaagt 6240
ataacaattt agcagtagct tgcgttatca ggtttgtatt cagctgcaag taacagaaaa 6300
tcetgetgca atagcttaaa ctggtaacaa gcaagagcett atcagaagac aaaaataagt 6360
ctggggaaat tcaacaataa gttaaggaac ccaggctcectt tetttttttt ttttttgaaa 6420
cggagtttecg ctcttgtcac ccgggctgga gtgcaatgat gtgatctcag ctcactaaaa 6480
cctctaccte ctgggttcaa gtgattcectte tgecctcagece tcccaagtaa ctgggattac 6540
aggcgtatac caccatgccc agctaatttt tgtgttttta gtagagatgg ggtttcacca 6600
tgttggccag gectggtcteg aacttctgac ctcaggtgat ccactcgcect cagectgeca 6660
aagtgctggg attacaggtt tgggccactg cacccggtca gaacccaggce tcectttcettat 6720
acttaccttg caaacccttg ttctcatttt ttcecctttgt atttttattg ttgaattgta 6780
atagttcecttt atatattctg gatactggat tcttatcaga tagatgattt gtaaaaactc 6840
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tcecttectt tggattgtet ttttacttte ttgatagtgt cttttgaagt gtaaaagttt 6900
ttaattttga tgaagtcgag tttatctatt ttgtctttgg ttgctgtgct tcaagtgtca 6960
tatctaagaa atcattgtct aatccaaagt caaaaaggtt tactcctatg ttttcttcta 7020
agaattttag agttttacat ttaagtctga tccattttga gttaattttt atatatggtt 7080
caggtagaag tccaacttta ttcttttcca tgtggttatt cagttgtcce agcactgttt 7140
gttgaagaga ctattctttc cccatggaat tatcttagta cccttgttga aaattaatcg 7200
tcettaattg tataaattta tttctagact gtcagttceta cctgttggte tttatgtega 7260
tcetgtgeca gtaccataca gtcecttgatta ctgaagtttg tgtcacagtt taaattcatg 7320
aaatgtgagt tctccaactt tgttcctttt caagattgat ttggccatge tgggtccctt 7380
gcatttcegt acgaattgta ggatcagectt gtcagtttca acaaagaagc caagtaggat 7440
tctgagaggg attgtgttga atctgtagat caacttgggg agtattcgca tcecttaacaat 7500
attgtcttce acctatgaac atgggcaaac tttgtgtaaa tggtcagatt gtaagtattt 7560
cgggctgtgt gggcacagtg tcectctgtcac agctacgegg ctcectgeccatt gtagcatgaa 7620
agtagccata agcaatatgt atgagtgtct gtgttccaat agaattttat taatgacaag 7680
gaagtttgaa tttcatataa ttttcacctg tcatgagata gtatttgatt attttggtca 7740
accatttaaa aatgtaaaaa catttcttag cttgtgaact agccaaaaat atgcaggtta 7800
tagttttcce actcctaggt taaaatatga taggaccaca tttggaaagc atttcttttt 7860
tttttttttt tttttttttt gagacggagt ttcactcttg ttgcccaggce tggagtgcag 7920
tggcgcgatce tcggctcact gcaacctctg ccteccaggt tcaagacatt ctectgecacg 7980
gcctecctag tagetgggat tacaggcatg cgccaccaca cccagctaat tttgtatttt 8040
tagtagagac ggggtttctc catgttggtc aggctggtcect tgaactcctg acctcaggtg 8100
atccacccge ctcagcectece caaagtgctg ggattacagg gtgtgagcca ccacaccctg 8160
ctggaaagca tttctttttt ggctgttttt gttttttttt taaactagtt ttgaaaatta 8220
taaaagttac acatatacat tataaaaata tcttcaagca gcacagatga aaaacaaagc 8280
ccttettgeca agtctgtcat ctttgtctaa cttectaaga acaaaagtgt ttettgtgte 8340
ttcttececcag attttaatat gcatatacaa gcatttaaat gtgtcatttt ttgtttgett 8400
gactgagatc acattacata tgtatttttt tacttaacaa tgtgtcatag atattgttcc 8460
atagcagtac ctgtaattct tattaattgc tatgtaatat tttagaattt ctttttaaaa 8520
gaggactttt ggagatgtaa aggcaaaggt ctcacatttt tgtggctgta gaatgtgctg 8580
gtgacatatt ctctctacct tgagaagtcc ccatccccat cacctceccatt tcectgtaaat 8640
aagtcaacca cttgataaac tacctttgaa tggatccaca ctcaaaacat ttagtcttat 8700
tcagacaaca aggaggaaaa ataaaatacc ttataaagca ctgtttaata ttgtattaaa 8760
ttggatcaat ttgggggcta gaatgtatgt tagagacatg atatgtccat aggtccttgce 8820
tatcacagtg aggtctcagg gacagtcgtt tggtatcatt tgggatctca taagcagact 8880
ctctetgett gacctgacaa atcagagtct gtgttttaac aggttcagtg agtgacttac 8940
atgcacattg gagtttggga agctccactg taggtgctta gaccttacct ttgttgttgce 9000
taataacaat gcaagcattt gggaggaaga cctgtgttgc tcatatgtgt ccaggtgtag 9060
ctgaggtggce cttgcttatce tgctgtaggg ccgttgagca tttctgtage tgtgatgagt 9120
gagctgaggt gagcctgcgg agagctccca gceccattggta gtgggactcg cttagatgaa 9180

ctggaaggac cctttecatct gagcagecac tatggagaaa aacaaccgaa tgaggggaga 9240
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gacaatgtgc aattttattt agggcacaaa ggagagctgt ggttagaagg tgacatttga 9300
gtggaaaggyg ggcaagccat gtgtatagcg ggagaagaga ggtccaggca gagttaacag 9360
aaggcagaaa tgctttccat gtttgagaac cagtaaggag gccagtggct gaagtaaggt 9420
gaagggcaga aataaggatg aggctgcgag agatgagagg ttagagacga gcgtcttgtg 9480
caccaagata agcttgtgtg gtcaaaacaa gtagtttaat ttatgttttt aaaagatcat 9540
tttggectggg cacaatggtt catgcectgta ataccagtag tttgagacgg tgtggtggga 9600
ggattgcetyg aggccagacg accagcatag ccaacatagc agcacctata aggtctctac 9660
aaaaaacttt aaaaaattag ctgggcatag tggtgtgtgc ctgtagtccc agctactcag 9720
gaggctgagg aggctggagg attgcttgag tccaggagtt tgaggctgca gtgagctatg 9780
attatgccac tacactacaa cctgggcaag agagtgagac cctgtctcta aatatacaca 9840
cacacacaca cacacacaca cacacacaca cacacacaca cacacacaca catatatatg 9900
tatatatatg catttagatg aaaagatcac tttgacaata ccacatgctg gtgaggattt 9960
agaaaaacta ggtcacttat tgctggtggg aatataatat agtacggcca ctctggaaaa 10020
cagtttggca gtttgtcata aaactgaaca taccgttagt atacagccca gcagcaacta 10080
caatcctggg cattaatcct agagaaatga aaccttaatg ttcacataaa aacctatact 10140
caagtatgca tagcagcttt acccataata tctaagaact ggaatcagct cagatgtcct 10200
tcaacaggtg aatggttaaa ctactcagta ataaaaagga atgagctact gatagcatgc 10260
aacagtttag gtgaagttat gctaatgaaa aaagccaatc ccaaaaggtt atacatactg 10320
tatgattcta tgtttttttg caatggcaca gttttaggga tggagaatag attagtggtt 10380
gcctggggtt agagatgggg tagtagagta ggttagtggt ggcagaggag agaaaagaga 10440
gggaggtgaa tgtggttata aaaggacaac acaggggaat acttgtaatg gaaatgcttt 10500
gtcttttttt tttttttttt ttttttggeg acagagtctt gctectgttgce ccaggctgga 10560
gtgcagtggc atgatctttt ctcactgcaa cctctgecte ctgggttcaa gtgatacttg 10620
tgtctcagtce tcccatgttce agagtgaaac aaaccagagg taatgttcat ccaaataatc 10680
caacacacat gacattaaaa catcaagatc aggtcggacg tggtggctca tgcctgtaat 10740
cccagcactt ttgggaggcc aaggtgggca gatcacttga ggtcaggagt tcgagaccag 10800
ccgggcecaac atgatgaaac cccatcttga ctaaaaatac aaaaattagce cgggcatggt 10860
ggtgtgcacc tgtagtccca gctacttggg aggctgaggce aagagaactg cttgaacccg 10920
aggggcagag gttgcagtga gctgagagtg cgccattgca cttcagcecctg tgtgacagag 10980
taagactcca tctccaaaaa aaaaaaacca agatcaatta aaatacagca ttactgggcecce 11040
gggtgtggtyg gctcacacct gtaatcccag cactttggga ggccgagatg ggcagatcac 11100
gaggtcagga gatccagacc atcccggcta acacggtgaa accccgtcectce tactaaaaaa 11160
tacaaaaaat tagccgggta tagtggtggg tgcctgtagt cccagctact tgggaggctg 11220
aagcaggaga atggtgtgaa cccgggaggc agagctggca gtgagctgag atcgcecgccac 11280
tgcactccag cctgggcgac agagcaagac tccgtctegg gggaaaaaaa aaaataaata 11340
aatagaatgc tgtagtgtcc ttgagtttac atgcccctee ttacgettgt gtgccegtge 11400
agattgcttg attacacaat tagaggaggc tggcggagga ttgttttaat tttttttttt 11460
ttgagacagt ctggctctgt tccccaggct agagtgcaat ggcgcaatct tggtgcactg 11520
caacctcectge ctcecctgggtt caagcagttce ttctgccgca gectcecceccgag tagctgggat 11580
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tataggcgcce cgccaccacg cccaactatt ttttgtattt ttagtagagce agcgtttcac 11640
catgctggcce aggctggtcet cgaactcctg acctcagatg atctgetgece ccagectcecce 11700
aaagtgctgg gattacaggc gtgagccaca cctggccegtt tgttttaatt ttgaaggtga 11760
agtgaaagtg actacattta ccaaaagtga ttgaaaagcc aggactgttc ttaccctgtt 11820
tttccagtte ttgctcagag caaggtggtt tctttttcac ttaatcacca tacttacttt 11880
tcatgtagaa caagtcagtt tgagttatca gttcatcatc ttaactaaat tccatggggg 11940
aaggaattag ttttagtttc ttaaacttcc aggtttgctt attggacaaa atgagatagce 12000
aaggcagtgt ttttaagtta gattttttat ttctttggta atacaatttt ctcagaaact 12060
tagtagtctt ttagtttagt tgtttttagt tggtcctatg ttttggatca cccctetcta 12120
ctttattttg atagtgccaa ctgtgaagac atctgaagcce ataggtttgg atgggaagga 12180
ggcatcttta gcctgatcat cttegccagg ctgtttatet ccttttgett ggctgagaag 12240
tcttaatagg aggcttattc ccagctattt ggggacatag aagcagttag ccattgctta 12300
tattttactg aggtctgtgt ggtatgttga ttgtagtcag ttaacgattt tgagaactga 12360
aggcagcctg gtatatatag agtaggtatt agactgtgtt tcttctaatt gaatttccca 12420
tctecttgtaa tctatgccat catcttetgt actgctgaga aagaaagaaa gtttctaatce 12480
aaactatacc actggttgta agatgcagtt tggctttagt gatgttaaca catgattcaa 12540
acgtgaaatt gattgagtat tggtgaaata cagaggagat ttaaagccag aagacctggg 12600
tttaaatgct ggctgtatga cttcatatct gtgtgatctt gggcatgtca tggttggcac 12660
ttcaatttct tctctctata atgggggaag tgaggccagt catggtggct catacctata 12720
atcccagtge tttgggaggc caagatggga agatcgcttg aggccaggag tttgagcaat 12780
tgggcaacat cgtgaggccc cgtctctaca aaatattttg aaaaaattag ccaggcccag 12840
tggtgcgtge ctgtggteceg cgccactcag gaggctgaga cgggaggatc ctttcagect 12900
aggagtttaa ggctaaagtg agccatgatt gtgctatcgt actccagcct gggcagcaga 12960
gcaagatcct gactctaaaa aaaagtaaaa taaagtaaaa tgggggaaat gaactgcettt 13020
agtaacatca tctgtttttt ctgtgagcag cgtagcttga cagccattgg tgaactcgtg 13080
ccetgtgett cectgtcecag atccccatte tgcccgcaac atggagtata acggtttatt 13140
catagtagtc gagaaacact cactgaatga atgaatgagg tgtagaacta agtggagtgg 13200
gtaattcaac acatattaat ttccttcttt tttttatttt tagaaagaaa gaactttcag 13260
ctaccaagaa agaccgtgtg aatcattgtc tgacaatatg tgaaaacata gtggcacagt 13320
ctgtcaggta attgcacttt gaactgtcta gagaaaataa gaactttgta tattttcagt 13380
cttaatgggc tagaatattc tttgtgtccc agctatttta aatggattca gaaatccatt 13440
taagatgaag aaggaccctt ttcccatatt tctggctata tacaaggata tccagacact 13500
gaaatgaata atgttccctt tttgtaatct tttatgcaaa aattaaaacc attatggtaa 13560
ttgaacaaca tgtttatgtt tagttaacac ccttagcaac tatagttatt ttaaaaccat 13620
ctatggtttg atatttttgc atttgttgca atagtaggaa cagcacaaga cagttcagtt 13680
tgtctetett atttgectttt tettggcagt ttgctgtect attgtaccte tgctectage 13740
agtggctgga gcccactecct ctgtgetteg ggattagtgg ggatcecgtggg gcattgactg 13800
taggtcagct ttccttgett gatctttcecte actgggatga actagcagca ccttettttg 13860
tagctgettt gettttgact atctttectga ccecgttgttece tagtagetgt agatggtaaa 13920

tatatttagg cctgtttcca atggctcagt aggagacata ttcacctatg atatctgaat 13980
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tctgttacce acatgggcat gcgtgaaata gttgccttge cttactttece cttggaataa 14040
ataattcatg ttattctcct ggtagaagct agaaaaagcce tttatagtca gtcagaaaaa 14100
aatttttaga caaataatct tgattttagt actgacaaaa acgtgtggtg attctttttt 14160
taattttttt ttgagacgga gtttcactct tgttgcccag gctggagtgce aatggcegtga 14220
tcteggetca ctgcaaccte tgcctectgg gttcaagtga ttcetectgece tcagectceccece 14280
aagtagctgg agttacaggc atgtgctact gtgcccaget aattttgtat ttttagtaga 14340
gatgttggtc aggctgatct cgaactccca accttaggtg atctgcccecgce ctcagectece 14400
caaagtgctg ggattacagg cgtgagccag ggcgccceggt gattcatttg ttttttcaaa 14460
aaatttecctce ttggccattg cttttcactt ttgttttttt tttttttttg agacggagtce 14520
acgatctgtc acccaggctg gagtgcagtg gcatgatctt ggcttactge aagctcetgece 14580
tceccaggtte acgccattet ccectgcettcag cctggcgagt agcectgggact acaggtgcte 14640
gccaccacac ccggctaatt ttttgtattt ttagtagaga tggggtttca ccgtggtett 14700
gatctcctga cctecatgace cgctcaactc agcecctcecccaa agtgctggga ttacaggcegt 14760
gagccaccge gcccggecct ctettgtett tttattgtgg taaaatgcac ataaaattga 14820
ctgtcttaac catttttagg ggtacagttc agtatatata ttcgtaatgt tgtacagcca 14880
tcactgccat ctacttcata agtttttctt ctgtcaaaac tgaacatctg tcttcattaa 14940
actccctate atccattett tectgtagte cctttctact ttetgtcectgt atgagtgtaa 15000
ctgctetgga gacctcatgt aagtggattc ctacaggatt tgtgtttttt ttttggtgat 15060
ctgcttattt ttaatgcctc tgtgcatttg tattatatac tttcaaagtg atttcacaaa 15120
accgtttcat tttaggttaa ctcatttctg ttgtttgtga aatactgtgt atgattctgt 15180
tctgtttetg tcectaatttgt ggaaatgttg tgggaagaaa atgaaataac aaatgagcat 15240
atgtcctgaa aataaaaata taaaaattct aagttagcat gctattgtag aatacaacgce 15300
tatgataaaa gtaggaaaaa aaaaggtttg aattctatct ctgctacctg tgtaagctgg 15360
gtgactttag ataagctgta acgtgtttga gccttactgg ctcatttttg aaatgtaatc 15420
cctagttaca cagttcttgt gggatcagat ggtacatgtg aaacactgtg aaaaagcaac 15480
tgcatagata tgttcattag ccacctgagc gggaagcgta tcccattgceg atgcccatca 15540
tccaaagcta tatgttatct ttactttttt ttttttgaga cagagtcttg ctctgttgece 15600
caggctagag tgcagtggtg caatctcagc tcactgcaag ctccacctecce cgggttcacg 15660
ctattctecct gecccagect cccaagtage tgggactaca ggcacccgece accatgectg 15720
gctaaatttt tgtattttta gtagagatgg ggtttcaccg tgttagccag gatggtcttg 15780
atctcctgac ctcegtgatece geccgecteg gcecctcecccaaa gtgcetgggat tacaggegtg 15840
agccactgcece cctggccate tttacttttt ttgtgaaatg actttaaata cttggcaaac 15900
atttggtcat tgttcatctg atctccacca tccaggtcte agagaacata atttctctet 15960
gaaagcttat tgacccagga aataagatct ctttcaatct gagtgcgtca ggcetttatte 16020
ttgtcatttt gtcttttgat aattttcaaa tggaattcat ggaatgttgg cttatattca 16080
tatattagta aagtatgttg agacatctta agattgattt gtggttctat atgccatatt 16140
aaatcaaaat aatagctgtt aatggttttc acattagtct gtctecttgtt tttatggagt 16200
aatgctgaga gttcattatg cttgttctac agaagagcat gttaaaagga gtttttggag 16260

tcagagaggt tattcttggt ttcataggat acactctata ctttttaggg atttcagagt 16320
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atatagctga aggtgatatt ttatgtaaat atgttttatg gaaacttatt gctcatcget 16380
gtttecctgtt aactctccta aaatataatt aaacttttgg aactttttta tagettttgt 16440
gctagactaa tttttgtcte taatgaggtt atataaatgg cagcttctga cgttttcaat 16500
gtaggaagtc atttaaaact tcatgtatat tgtgaaaatg tagtctgctt taagctctct 16560
aaagtggtct aagttactgg ttcctaagta tggatgagca tcaaaatcat ctggaaaatt 16620
tgttaaaaat acagtaatga aggcacctca ctgtcctttt tcccaaacat acttctgcat 16680
tctgtttgag taggtaggga ctacacattt ttcacaagta tcctecttggg aatacccagg 16740
aatgcttact tgagcaacct cttactaata tgtaccttga taaggtggct aggtaaacat 16800
aaatatacaa aaatccatag atctcccata tattagcata aatcagctag aaaatataac 16860
gtttaaagat ctagttcaca gtagcaccaa tatatcgaac tctaaggaat cgataaatat 16920
gcaaaaactt tataaaaact tctgttaatg tttctgaaag atataggtga ccactttcta 16980
gataggaaga ttttatatta ctaagttgaa ttttctctaa attaacacag aaatttaaaa 17040
taatcttgat caaaattcta gtagaggtat ttttgaactt gttcactgca agaataaata 17100
cataattgca aagaatatct caaaatcatc accaggcctg gtgtggtggce ccatgectgt 17160
aatcccagca ctttgggagg ctgaggcagg cagatcacct gaggtcaaga gtttgagacc 17220
agctggacca gtgcggtgaa acactgcctce tactaaaaat acaaaaatta gctgggtgtg 17280
gtggtgcatg cctgtagtce cagctacttg ggaggctgag gcaggagaat tgcttgaacc 17340
caggaggtac aggttgcggt gagcctagat cgcaccactg cattccagcc tgggcgacaa 17400
gagcaaaatt ctgtctcaag aaaaaagaga aaaaagaaaa agaaatcaac actaatatgg 17460
tgagacttaa tgtatgtgac attaaaatag tgattggatg ttaaaacagg tatagaacag 17520
aaagaagagt gtatgtgtgt atctgtatga atttatgatg ggtgtaacat atatgtatta 17580
gggaaatgag ggaaatgata catttctctg actttgggag aacattatat ctctacctca 17640
tattgcaaac aaacataaag ttcagattaa ttacctaaat gtgaaaaaat gaaataattt 17700
ctttaaaaaa tgtaatctta gtttgaggaa ggttaacatt ataaaggaaa aaactgtttt 17760
gagtggaata tagttcaata tgtcaaaatc caccttcaac aaaattgaaa gtaaattgaa 17820
cttggggaaa gtattgacag catatagatc aaaggttact agcctgtgta aagagcagtt 17880
ataaatatcg ttaagaaaaa cactgtcgac ctgtcggcac cttgttctece gactcecccage 17940
ctccagaact gtgacgagta agtgcttatt gtttaaacca cccagtctgt atgtggtatt 18000
ttgttataga aactcaagct gattaggaca ctagtaatca gtagactgaa actgaaacaa 18060
aaataagaac cttttttacc tgtcaaattg gcaaacatta agaatattca gatttttgtce 18120
agaggtgata caaccttcta agaaggcaat ttgggaaaat ataaagcttt agattattat 18180
atgtctgacc tagcagtttt acctctaggg tgcttaccce taggaaagtg tgtaatgata 18240
ttggtgcagt gcccttcatc ccattagaaa attaaaaata accttaatgg cctaccacta 18300
aaaggggatt gaaaatttaa gatatattta tttatgtgtt tattgagatg gagtcttgca 18360
ctgtcegect gggccagagt gcaatggtgce gatctcecgget cactgcaacce tcetgettceccece 18420
gggttcatgt gattctcctg cctcecagecte ctgagtaget gggattacag gctcacacca 18480
ccgcacccgg ctaatttttt gtatttttag tagagatggg gtttcactgt gttggccaga 18540
ctggtctecga actcectgacce tcatgatcceg cgcccctegg ccteccagtg ttgggattac 18600
aggtgtgagce cactgcgecct ggccagatac atttatacaa gagaatgtta gttaacattc 18660

atagatattt atattttgtt tactttttat taaaaaaatt ttttttagag acaggatctt 18720
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actctgtcac ccaggcagga tgcagttgca caatcatagce ccactgcagce ctgaactcct 18780
gggcttaagt gatccttctg cctcecagectt ttgagtacct gggggacttt aggcagtgct 18840
actatacctg gctaattttt aaatgtttta tagatgagat cttgctgtat tgcccagget 18900
ggtctagaat tcctgggcce aagtgatcct cccaccttgg cctecccaaag cgctgagatt 18960
acaggcatga gccaccactt ctgaccaata gatatttata tttgtgactg gaaaatatat 19020
taacaatgtg ttaaaaaatt cagttaaaaa ataatgaaag atttttgctt ctggctaaga 19080
tagaataaca aggacagcat ttatcttctt gccttgaaat agttgaaaac ggaagaaata 19140
tatgtaacag tggttttcaa gttattgggc atcaggcaaa gaagaatagt tatcccagga 19200
aaatgaatgt ggagagccct acaatttcct tacattactg cctggtcatg gcaagaggaa 19260
aaactgagag gagactgagg ctgagccagt ggtttgctgg gttgaggagg cagagctggg 19320
agtgcagaga tgcaaggtgg tgagagccca tatggaagaa taccagggaa gagagctgca 19380
gagggagctc cggagacctg caccctgccce tcectcagtacce ctgtcatgtg tgtagctgag 19440
tactgacgag cacttgcttg tgcggaaatg acccagggct ggaggtagag ccacctgaaa 19500
ggattagaag gaacagttgc tgaaagtcac acagggccag gaagaatttc taatcacacc 19560
agttggagtg gaaaacctca gctctcatag agcaggtagg gtactcagaa gggtttgcce 19620
acctagcccce agactaagtt tcegttactct gaccctacct aatattaaaa agagattaat 19680
taaattgttc gcaacaaaaa taatatattt cagtgtttgt aacacgtaga agtgaattgt 19740
atgacaatag cataaaggct ggaagagcag aaattgacat gtatttgcgce tgggcagaat 19800
aatgctceccce tetttceccecca aaagatatca agtcctaatce cctggagcect gtaaatatta 19860
ctttatatgg aaaattgttt tatgatgtga ttaaattcag gatcttgaga tgagggggct 19920
atcttggatg atctgggtag gcactaaatg caatcacata tatataaaaa ggaggcagag 19980
ggagatttta cacacagaga gaaggccctg tgaagatgga acagaaagat ttgaaggtgce 20040
tggccttgaa aattggagtg atgaagctat aagccaagga atgcagcagce caccaaagcet 20100
ggaagaggca cggagcagtt ctcatttaga gcctactcca gagggaatgt ggtgctgcca 20160
attccttttt tttttttttt tttaagatat catttaccce tttaagttgg tttttttttt 20220
tttttttttt ttttagtatt tattgatcat tcttgggtgt ttcttggaga gggggatttg 20280
gcagggtcat aggacaatag tggagggaag gtcagcagat aaacatgtaa acaaaggtct 20340
ctggttttce taggcagagg gccctgccac gttcectgcagt gtttgtgtee ctgggtactt 20400
gagattaggg agtggtgatg actcttaacg agtatgctgc cttcaagcat ctgtttaaca 20460
aagcacatct tgcaccgccc ttaatccatt taacccttag tggacacagce acatgtttca 20520
gagagcacgg ggttgggggt aaggttatag attaacagca tcccaaggca gaagaatttt 20580
tcttagtaca gaacaaaatg gagtgtccta tgtctactte tttctacgca gacacagtaa 20640
caatctgatc tctcectttett ttcecccacatt tcectectttt ctattcgaca aaactgccac 20700
cgtcatcatg gactgttctce aatgagctat tgggtacacc tcccagatgg ggtggceggece 20760
gggcagaggg gctcectcact tcccagatgg ggcggcecggg cagaggcgcece ccccaaccte 20820
ccagacgggg cggcggctgg gegggggctyg ccccccacct cccggacggg gegggtggee 20880
gggcgggggce tgcccaccac ctececggacg gggcggctgg ccecgggcegggg gctgccccecce 20940
acctececegga cggggcgggdt ggccgggcegyg gggctgecce ccacctcececceg gacggggcgg 21000
ctggcegggce gggggctgece ccccacctee cggacggage ggctgecggg cggaggggcet 21060
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cctcacttee cggacggggce ggctgctggg cggaggggct cctcacttet cagacgggge 21120
ggctggtcag agacgctcect cacctcecccag acggggtggce agtggggcag agacattcett 21180
aagttcccag acggagtcac ggccgggcag aggtgctcectt cacatctcag acggggcgge 21240
ggggcagagg tgctccccac tteccagacg atgggcggec gggcagagat gctectcact 21300
tcectagatgg gatgacagec gggaagaggc gctcectcact tceccagactg ggcagcecagg 21360
cagaggggct cctcacatcc cagacgatgg gcggccaggce agaaacgctce ctcacttcecct 21420
agacggggtg gcggctgggce agaggccgca atcttggcac tttgggaggce caaggcaggce 21480
ggctgggagyg tgaaggttgt agtgacccga gatcacgcca ctgcactcca gcecctgggcaa 21540
cactgagcac tgagtgagcg agactccgtce tgcaatcccg gcacctcecggg aggccgagge 21600
tggcagatca cttgcagtca ggagctggag accagcccgg ccaacacggce gaaaccccgt 21660
ctccaccaaa aaacacgaaa accagtcaga catggcggtg cgtgcctgca atcccaggca 21720
cttggcaggce tgaggcagga gaatcaggta gggaggttgce agtgagtaga gatggtggca 21780
gtacagtcca gccttggcecte ggcatcagag ggagactgtg cgagggcgag ggcgagggcg 21840
agggaattcc ttaatttcag tttagtgata ctaattttgg actctggcct ctaaaactgt 21900
gaaagaaaaa attttttgtt tgtttgtttc ttttaagcca catagtttgt ggtaatttgt 21960
tacagcagct gcaggaaact aatttatgct gcatgtgaaa tggtgtaata aggtagattg 22020
tgatgaagat acatagtata aacaattaag caacaactaa aagcacaaca aggaattata 22080
gctaatgaac caaaaaagga gattagaata ataaaaatgg tgaatcccaa agaagccaga 22140
aataggggaa gaggcaaata aaggaaagaa agagcttgat ggtagatttc aacctaacta 22200
tgtcaaaaag gacattacat gtaaaaggca gcgatttttc agattgaatg gaaaagtaag 22260
actcggtata tgctgctgcec tgcaagaaac acattctaaa tataaaggca aaaataacct 22320
acaggtaaca gaacggaaag aagttcactg tgcttacaag aattagatgc aagctagact 22380
ggttctgtta atatcagaca aagtggattt caaagcaaag gctcttgccc aggatgagat 22440
ggtcatttca taatgatgaa ggggattcgt tcatcagcct ggcatagcaa gctgaaatgt 22500
ttatgcaccg gactacagag ctaaaataca tgaagcaaag cctgacagaa ctacaagtag 22560
aaacagacaa atccacagtg atagagattt cagtagccgce tctcaatgat ttgtagaaca 22620
cgtagccata atatctggat ctagaacact tgaccaacac tgtcccctgt gcaacctcat 22680
tggcatttac aggacactcc acccagcacc agcagaagag acactctctc aagtgctcac 22740
agaatgtttg ccaagataga gcagatgctg ggccataaaa caagtctcta aattaaaagc 22800
attcaaatta ttcagagtat gttttctgac ctcagtatca ttaagttgga atatattata 22860
ggaagataac ctggaaaagc ctcagatatg tggaaaaacc catttccaca tggcccatgg 22920
gtcagaagtyg aagtcaaaag ggaaatttga aagtcttttg gattgactga tataaaaaca 22980
atagatttct aaacttgtgg ggtgctgtta cagcatagta aatggaaatt tctagcatta 23040
aatgcctgtt ttaggaaaga aagatttcaa atcaatgacc tcagcttcta cctttggaaa 23100
cttgaaaatg acaagcaaat ggaatccaga gttaccagaa gggccaggta cggtggctta 23160
tgcctgcagt tetgccactt tgggaggccg aggcaggtgg attgtttgag actggcagtt 23220
gaagaccagc ctgggcagcce tagggagacc ccatatctac aaaaaacaaa aaaattagcc 23280
aggtgtggtg gcatgtgcct gtagtcccag ctaaccagga gtctaaggtg ggaggattgce 23340
ttgagtctgg gaggttgagg ctgcagtgaa ctgtgattgt gccactgtgt tccatcctgg 23400

gcaacagaat gagaccctgt ctcaaaaaca aaaacagtta ctagaagaat ggacatcata 23460
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aagataggag cagaagtcag taaaatagaa aacaaaaata cataggaaat caataaaacc 23520
aaaagctggt tcatcaagaa catcaataaa ttggtaaagc tgataggaaa aacagtgaag 23580
tcacaaatta gcaatatcag gaatgaggga gatgacagta gtatagatta tatagatatt 23640
aaaaggactg tatgaggcag gtgtggtggt tcacgcctgt aatcccagca ccttgggagg 23700
ccgaggtgga cagatcacct gaggtcagga gtttgggacce agcctggcca acatggtgaa 23760
actctgtcte tactaaaaat acaaaaatta gttggtcgtg gtgctgtgtg cctgtaatce 23820
cagctacttg ggaggctgag gcaggagaat tgcttgaacc tgggaggcgg aggttgcagt 23880
gagctgagat tgtgccgttg cactccagec tgggtgacag agcaagactc catctcaaaa 23940
caaataaata aataaaaagg actatatggt aatattatga acaactttat gccaataaat 24000
ttgacaactt atagatgaaa tggatgagtt ccttgaaaga cacagaaact attaaagctc 24060
tctcaagaag atatagataa gctgattagce cctatatcta ttttattgaa tttaaatgta 24120
aaaatcaata tttagttact ggaaaacttt taagtgtggt tggaaatggt atacgaactt 24180
tttcaactga attttatgaa gtctaatcac aggtaaaggt tttctgatga aaatttagtg 24240
tctgaattga gatatactgt aaaaaatgtt atatatctta attatttctt cacattaatt 24300
acatgttgaa ataatacttt gggtgtattg ggttaaatta aatattatga aaatcttgcc 24360
tgttttettt ttacttttga tgcgtcagct aggaaatata aaagtgtagc tcacattctg 24420
tttctgttga cagtactgct ttggagcaca gtgtttgaat gatctatcat ttcaaagacc 24480
tttcctecagt tecgttattca tggctgtcetg tattccacat agataaggtc tgaaatactg 24540
ctaagtggca tgttttgttt tatgctttta taagtttgtt gatcattact gatgtggact 24600
tttggtgcct cttaggctca ttgctatctt ccaaccattg tttgcaattt ttacctagag 24660
ataaagagaa agagacattt ggtttcagag tagttagatt gggatcatga aagagcaacc 24720
tcattttgat gcttcaaaaa tagcacatcc cccgtattac tgggatttge tattcecttggg 24780
attacttcaa gaacatcctt gtgttactgg tttggatgct tctgaatgct gtgaagtcag 24840
tttcatgtac atggctcatc agtttagctc tctecttgget ttgtttagac agttggagca 24900
tgatggccta aacagcttcect ttcaattaaa cattttaaaa tagtttacaa atagtaaaca 24960
aactccagtt tttgtgactc tttgtctcge acaacaaaaa cacaatctga ccatgatcat 25020
ctggcatctt agggtgaaat atggttatac tttggcccat accgaaagca agattaaaaa 25080
ggggcaggag agatagactg ctgaactgat tttcaaggtt ccaagaatat tgtaggttaa 25140
gagtaaaagt aaacttttgg tagaaagcag tgggttgtct aggattgaag tatctgaagt 25200
ttttaaacga aaatttaaaa agaaaaatga gaattgcctt acaagtacaa tctcttecttt 25260
tttaaaaaat aaactttatt ttgaaatagt tttagattta tagaaaaaaa ttagataggg 25320
taggaagttt tcatataccc tacatccagt taccccagtt attatcatcc taatttagtg 25380
tgagacattt tcatgtttaa tgaatcaata ttgatatgct attaacttaa gtccagactt 25440
tattcagatt ttcttaattt ctatgtaatg tcctttttect gttceccagaat tccatgcagg 25500
acaccggata cctcattaca tttcattgtc atgtcacctt aggctcecctcect tgacagttte 25560
tcttettttt ttgcttagaa attctcecaga atttcagaaa cttcectgggca tcgctatgga 25620
actttttectg ctgtgcagtyg atgacgcaga gtcagatgtc aggatggtgg ctgacgaatg 25680
cctcaacaaa gttatcaaag taagaaccgt gtggatgatg ttctecctcag agctatcatt 25740

gttgtaggct gagagaagaa gcgatcattg agtgttctte tgttttgagt ccctgaggat 25800
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gtctgcactt ttttecttte tgatgtatgg tttggaggtg ctcectgttgta tggtttggag 25860
gtgctctgtt gtatggtttg gaggtgctcect attgtatggt ttggaggtgc tctgttgtat 25920
ggtttggagg tgctcttgta tggtttggag gtgctcttgt atggtttgga ggtgctctgt 25980
tgtatggttt ggaggtggtc ttgtatggtt tgcaggtgct ctattgcatg gtttgcaggt 26040
gctctattgt atggtttgga agtgctcttg tatggtttgg aggtgctcectt gtatggtttg 26100
gagatgctcect attgtatggt ttgcaggtgc tctattgtat ggtttggaag tgctcttgta 26160
tggtttggag gtgctcttgt atggtttgga ggtgctctgt tgtatggttt ggaggtgcte 26220
tgttgtatgg tttggaggtg ctcttgtatg gtttggaggt gctctattgt atggtttgga 26280
gatgctctgg tatctgectg cattgcttge cacacctgec cggtcagaag gcgctatgtt 26340
gacaattgtg cctgcacggt gcctaggtca atgaagggaa ccgatggtag ccactggatg 26400
ctcctgggaa aatgtcacta caggcaccag agaagccaga gctatgccca aatttcectatg 26460
agtctcagtt ttcttaacca taaaatggga tcaatgtttt tgtggcatgt gtatgagtgt 26520
gtgtctgtgt atgtgtgagg attaaattgt gtatgtgtga ggactaattg ccactactgg 26580
atcctcaaag tggtaagaag tgttcttatt aataatgaca tccttacact cttacccage 26640
aagattgatg ggtgtggcac tgcttctctt tttccatcac atggtttcca tggtatcctt 26700
ttgcccaggg aatctttget ttgtggctag cactttgttg tttggctaat cacgetttet 26760
gtggtcagga cgctggctte tctggagcca tgggattcta gcteccctgte ttgtccctag 26820
agtggtcact gtcttctcte teccgettgca attcctgett tgctecgcatce tcacttatge 26880
agtgacgtat atcagtttca ccttgttcte cgtgcctget gatcattgge accacttgca 26940
tggtgccatt tagggcctgce ttccagttaa gcttgcttcet ccacaggcect aaatatcctt 27000
gcttgettet tttattctca ctggcaggac cagggcggte tgtcectttgca tgagacaggg 27060
tctegetcag tcacccagge tggagtgcag tggctgatca cggctcattg cagceccttgag 27120
ctaccgggcet caagctatcce tectggettg gceccecttgag tagetgggac tacaggcegtg 27180
caccaccatg cccagctaat ttttaaaatt atttgtagag atgggatctc gccaggttge 27240
ccaggcetggt cttgaacgcc tgggctcaag tgatcctcecce tecttggttt cccaaagtge 27300
tgggatcaca ggtgtgagcc actgtgcctg gcccttgatg tttcagttcet tgatatttga 27360
tcetcagagt cagaaaatct aaaaagaggg ctatcccagg ttgccttggt tcatggcaaa 27420
tgggacgtta agagggcaga gagaatatga acagaaactg ttctaatatt ggtcatttaa 27480
tgtgtaagta ttgttctttt ttaaacctcc ttcatttttt ttccaggaat tgctggacac 27540
agtggcettgg tgtgtgtctg aggactgtag gccatggcce taggttgtgg ttttaggtcect 27600
caggtgctct tecctggctgt ctecttgett ctttcecccatg tectettett tgttteccage 27660
catttctecece ttatgcttaa gtttggtgca gcagggtttg gctgctctca gattectget 27720
tcetcagatg ctgtagttgt caggceccage gggctggcag cgggatcagg atctggctag 27780
gtttgctcete actgtggcag agtaggggga ggcgtgggag agcacgtgtg accccaggcce 27840
agctgtaggg agcataggca tggtcacgta gccttcaggt cctagacttt gtcttetcat 27900
gagtatggct gtgtgtgtat ggtgaaaact aggttctact tagcccaaga aaatgggcac 27960
attttgcatg tggtttctgt agagaaatgc actgggtatc tgacatagcc tggcagcatg 28020
cctecectcag gtaggttagt ctcaggcggt gaagcacgtg tgtccagcaa gaacttcata 28080
tgtggcataa agtctccgtt ctgtgaggtg ctggcaaatc accaccaccg tcaagaggcet 28140
gaagtgattt ttgtctaggg aggcaggaaa ggcttcctgg agtcagcagc cagtaggtga 28200
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aagagtagat tggagacctt cttaatcatc accgcctcectt gtctcaaggg gtgccaggaa 28260
gctgtggagg ctgaacccat cttatgctge cagagagtgg gacaccatga gggtcaggte 28320
aaggggttgt accttgtttg gtagagaatt aggggctctt gaagactttg gatgtggtca 28380
ggggagtgta tcatttagga agagtgaccc ggtgaggacg tggggtagag gaggacaggt 28440
gggagggagt ccaggtggga gtgagtagac ccagcaggag tgcagggcct cgagccagga 28500
tggtggcagg gctgtgagga gaggcagcca cctgtgtgte tgcggaagca ggggcaagag 28560
ggaagaggcc agcagcgtgce tgccatcacc cagcgactgg cgtagattgt gagagaccat 28620
tcectgetet taggaggggce tgagttttag ttttctettg ttatacaata agcttggtat 28680
ttgtttacaa aacatttgta aagctaaatc aaggtttgat aaggcttcta gttttattta 28740
agaagtaatg ttgaaataaa tgtttgtcca attcgctttg ctcatttaag gactttcagt 28800
acaaactgca acaacaggat taggatttaa acgtttctga gatgttttta ctcctcagaa 28860
tttcccagaa tgtgatctgg ttttgatttt caagcttgct gacccaatag gttaacccac 28920
aagttttacg aagaccatct cagtccactt acatcaactg cccatgccac ggttaaagag 28980
atcatcgact gatgtttggc acagcttcect ccctcecttggg tgggcaagca tttggaagag 29040
aaggcteccta tgggtgagag tggggcacca aagtcttcecce tgtcccatce cctagettga 29100
gaagccctte tctaatgtgg actttgtgec gttagcateg ttactagett gaagttgacce 29160
atctggacgt actttctggt ttagcectcac aagtgagcaa ggagggttga gagatgtget 29220
gtgaggaatg tggggcccca gctggcagca ggctetgggt caggggggca gggaccacgg 29280
gcatacctga cagtgaggag gggccacacc tgcagaaaag gatgcaggac tccgecttgg 29340
gaagtgttct aggccagagce gagggtctgt ggtttataag tacacccaca gtgctcggga 29400
ccetgcagat gtccagggtg ccgtectgage ccgtatcate caacagaatg ttctgctagt 29460
gaagattaaa gatttactcc aggggcttta ggatttatta tatatatata aatcctatat 29520
atataatttt tttttttttt ttttttgaga tggagtttcg ctcttgttge ccaggctgga 29580
gtgcaatggc gtgatcttgg ctcactgcaa cctcecgecte ccgggttcaa actattctece 29640
tgcctecagece tcectcecgagtag ctgggattac aggcgcccac caccacaccce ggctaatttt 29700
tgtatttttt agtagagacg gagtttctcc atgttggtca ggctggtctt gaactcctga 29760
cctcaggtga tctgcccgece ttggectceccee aaagtgctgg gattacaggce atgagccacce 29820
ccacctggcce aggatttatt gtatttgaac catctaccat tttaattttg atgttatgta 29880
gtatttgatg ataatgaaag ttaaattgtt tttctttcca tttttctgtt taagtgaatg 29940
acctgtatct agtttattca gtaacttcct gcatatattt gtttectttca ttcttaatga 30000
atatattctt aatttagttg ctattatgtt ttgctttgce ccaaaattga aatcttagtt 30060
tcettttage tegttttaga actagtgatg ggatgtgtct tccataaatc tettgtgatt 30120
tgttgtaggce tttgatggat tctaatcttc caaggttaca gctcgagctc tataaggaaa 30180
ttaaaaaggt gggccttget tttcectttttt aaaaatgttt taaattttaa atttttatag 30240
gtacacgtat tttgtaggta catgtaaatg tatatattta tggggtacat gagatatttt 30300
gatacaggta tacaatacat aataatcaca ccatggaaag ttggatatcc atgccctcaa 30360
gcatttatcc tttgtgttac aaacaatcca gttacatgcet ttacttattt tattttattt 30420
ttgagacaga gtcttgcttt cacccatgct agagtacagt ggcatgacct tggctcactg 30480
caaccteccge ctceccecegggtt caaccgaact ttgggctggt ctcgaactcce tgacctcagg 30540
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tgatccgecce gecteggect cccaaagtgt tgggattaca ggcecgtgagece actgtgeccgg 30600
gcctgattgt acattttaaa ataactaaaa cagtcagggc acagtggctc atgcectgtaa 30660
tceccagecatt ttgggaggct gaggcaggtg atcacctgag atcaggagtt cgagaccage 30720
ctggccaaca tggagaaacc ctgtctctac taaaaataca aaaattagcc aagtgtggtg 30780
gcgggcgect gtaatcctgg ctactcggga ggctgaggta ggggaatcgce ttgaacctgg 30840
gggtggaggt tgcagtgagc cgagatcacg ccactgcatt ccagcctgag cgacagagtg 30900
agactttgtc tcaaaaaata aaaatgaaat aaaattgggc cgggtgtggt ggctcacacc 30960
ttagtcccag cactttggga acctgaggca ggtggatgct tgagaccagg agtttgagac 31020
cagcatgggc aacatggcaa aacgctgtct gtacagaaat tagctgggtg tggtggtgca 31080
caactatagt ctcagctact tgggagattg aggtgggagg attaattgag cctggaaggt 31140
tgaatctata ggtagctgag attgtgccac tgcccttcag cctgggcgac caagtgagac 31200
cctgtctcaa aagaaaaaca aaaaaacaaa aaacaaacca ctattatcga ctatatatta 31260
ttgtctatga tccctctget gtgctgtcecga ataccaggte ttgggecctt atttecatca 31320
ctgagcaaac ttcactctgt taagcagcag gtgtgggatt tcatcgttat tcagtaattce 31380
acaatgttag aaggaaatgc tgtttggtag acgattgctt tacttttctt caaaaggtta 31440
ctctttatta gatgagatga gaattaaaaa tggtaactta ctttatatct ttataattga 31500
agcccactag accttaaagt agttaccaga tgttttatge atttaaatgg ccttttcectet 31560
aaaattagaa agtaacaagg aaagaaaatg cttcgtttct atgcaaccct cttggtgact 31620
agtatgtgac tcttaatgca accctcattg caccccctca gaatggtgece cctcggagtt 31680
tgcgtgetge cctgtggagg tttgctgage tggctcacct ggtteggect cagaaatgca 31740
ggtaagttgt acactctgga tgttggtttt tgtcgggggc cagctgctac tgatccttta 31800
tgtctcaget cagatgtcat ttcaaaagtc tgctctgecce tctceccaaatt gcagtcecgacce 31860
ttgcecetgtt tatgtttccecce tcatagcact aatccatgtce agaaattgtc acgtacagtce 31920
tatctgtgtg cttgtttatt ttctatccca cccttcececgca agagacttat gggatgtgtg 31980
cceccaggaca gcaggggtet tactgtetta tgctcectgttg cagceccagca gcgataacag 32040
tgtctgcaca tagtacttgc ttaaaagata cttgccaaat tgttgaaggt tgaggtacca 32100
atttcattat tgctgactat aggagttata gcaaaatatc catttgtctg ttacatgagt 32160
taaaaatatg gttgttgcac tgtgaatagt ttggtttagt caaaacagtt gtatcttaac 32220
ggattgagaa acaaaagcag gaccactttt catcagctcc cteccttcectcece ttaaccagca 32280
atacatgctg atgctgatat cccatagacc ctcagctcca tcctgagtca ctgggaatgt 32340
ggtctaaacc ctcactatta atatgaactg agtttcaata agaatcttat atgggtcggg 32400
catagtggct catacctttg atcccagcac ttcaggaggce caaggcaggt ggattgcttg 32460
acccagacta ggcaacatgg tgaaacgccg cctctacaaa aaatacaaaa cttagccagg 32520
catggtggtg cgtgcctgtyg gtcacagcca ctcgagaggce tgaggtggga ggatcacttg 32580
agcctgggag gtggaggtceg tgttgagcca agatcgcacce actgcactcce agectgggca 32640
acagagtgag acctgtctca aaaaaaccaa aatccagaaa agaacttata tggctgcaga 32700
ggtataatca ctaaggaaat ttccttttgt ataatctttt ttcttttact atcatttaaa 32760
aaaatgtgtt atatttctga agcaacacat ccaggttctg cacatagcag ccaaagtgac 32820
cttaaagaat ataactgggt cttgtcattc ccttatttaa actcttgtac ccatttccca 32880

gtgcecgttta gatagagatt ccagactcgt caatggctcet gtcacctcag acaccctgca 32940
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ttgactcatt agtctgatta gagtcaggtt tttctteccte ctgatggttt ttttttccce 33000
cttagttctce agcggaacag tcacttecctt agggaggttt ccccagccac cctctgagge 33060
cgtgcttgtt geccagactcect geccactagag ggcagggctg caccactcect ggcacctcge 33120
acccggectyg cectgtcact ctgtgtgttg ggtgaattce tgtgatctgt gactcactge 33180
tctgtgtect acacattcgg cttttettet ctccccacaa ccccatttta taattectceccect 33240
ttttcaggaa agctttattc ccatttaaaa atttttgttt ttaaaatggt attttcttac 33300
acttattttc taattaaaaa tgagtgtttt aagaagtatt atgatttact gcaaataatt 33360
tttaaaccca geccttttaga tectetgtga tcataagaga aatgaaggat gtctceccaac 33420
acttgagctt catccacatt tcatcctcect gttectttcag ctgagtttte cccatcccat 33480
tagggactgt tggaatataa aactggcttt tccctaacag ggaatgaatt gecttetgttt 33540
ctcctgaagg agagctggaa gaatgacttg cgttcttttg catacacagg ccttacctgg 33600
tgaaccttct geccgtgcectg actcgaacaa gcaagagacce cgaagaatca gtccaggaga 33660
ccttggetge agcetgttcece aaaattatgg cttettttgg caattttgca aatgacaatg 33720
aaattaaggt atgattgttg cctcaggtca caaacatgcg agtgatgctg tgagtgagtce 33780
tgtggagggt gagggcttct gaacagggag tcctgtggga gtgcttcecttg gggtatgttg 33840
tatgtcgtaa tttagactac catcatttgt gttatttttg aggcacctaa ggacttcttt 33900
ccacttctca tttcttactg tggggtgaag agttgaattg ggagatggtt tctagatgca 33960
aattgaaaag gcatttttcc agagcagatt tgttttcgge gtactagagt gactctttaa 34020
cctagetgeg ggaagatgac tgtgccaaga ctgcaggtag gagaaagctc actgacgagg 34080
ccttgtgggt ctgaacgtcecc tgcagctatc agagcctgtt ggettectgt tgtgcattcece 34140
aacaaatcat cttcaaaccc actttagtgt tttgtttata atgtccagaa atagtgaccc 34200
tgtcacatgce tctacagatt acaggattct tagecctcectte ctttttggta ggtcagtcct 34260
gggtttgagc ccaagtgacc ctectgggag gtgatgatac acactgggta gagtggaatc 34320
agatggactt ggattagaat tctgtcecctcet ttactagtta ttttecctcta ggcaaactge 34380
ccaacagctc taagctattt ccttcegtatt ctgaaaaata agccttaatg ggacccatat 34440
agggcaactc tgagagtaaa ataaaggaat atgtgttaga gtgtagcata gtcacccacg 34500
ggaagggctt agatgttagce tgctactget cttattaget gaatgatttg gaataaactg 34560
ttagcctecte tcatgttttt tetcttgage ttcgaagttt tcecttgttaat actaaggaga 34620
tattcaaact agtcatgggg ttttggaatg acgaagggag atgatgaatc taaagaattt 34680
agtgtaatat ttcttcatgc tcagtaaatg gtagtttctg ctgctgttat ttttattacc 34740
atctctttgg aatgggagta ggtgctecctt tgtggtcaga ggctgtgaga gctccacage 34800
gccagtttge ccatctgtac actggggtcect gttgaaggca gtcccctcectg tgatatctet 34860
ggctgtcaga gctcagatga tagatggtat ttttgtactc ttagttctca tcattttcat 34920
gatttcgatc accatttgag tatgatgatg ctaacacttt gttgaacgta gaatccgtta 34980
attacttcct tecctgaacct ttggcattaa aaaaaatcta ttctgctacc tcectctgctca 35040
tttatggtta ttcaaattta ttatcaagag cctggtacag tggcttgtgc ctataattgt 35100
agctacttgg gaggctgagg taggaggatt gcttgaggce aggagtttga gaccagcctg 35160
ggcaagatag tgagacccta tctctaaaaa aactgaaaaa aaattagctg gacatgatgg 35220

catgtgecctg tggtcctage tactcaggag gctgagacag gaggctcecggt tgagcccagg 35280
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agttggagtt cgaggctaca ctgagctgtg attgtgccac cacactccag catgggtggt 35340
aaaacaagat gccatttctt aaaaaaaaaa aatatatata tatatattat caatgaaatt 35400
cagtagtacc aacaggatta taaacaaaga tagtagttcc cttcecctactt tttctcettaa 35460
tcettgtgte tcacaggcaa acataactct tagtatttct tccaatattt actttcatgt 35520
ttetttettt ctttettttt ttttetttga gatggagttt tgctecttgtt geccaaggctg 35580
gagtgcaatg acgcaatctt ggctcaccac aacctcectgte tccecgggttc aagcegattct 35640
cctgectecag cctectagta getgggatta caggcatgca tcaccacgcet cggctaattt 35700
tgtactttta gtagagatgg ggtttctccecg ggttggtcag gctggtcteg aactcecctgac 35760
ctcaggtgat cctcccacct cagcecteccca aagtgctggg attacaggcg tgagccactg 35820
cgcccagcaa cttceccacatt tctaaataac atgcecttctac tgctattttt tttttcaatt 35880
ttagacattt ttttactttc actatagttc tatcagaatt cagtgtgtac gttattatgce 35940
ctaagtaaat agtcatggtt gcttacgtat tatatttctt tgattgtgtt tcttatttga 36000
tgagaaagct gtgttttttg ctctgggttg aaactggaga gaggacctgg ggaggaggag 36060
gaggacagat gaagttggtg actgtacctt catggccata gctgggttct cagcacccgg 36120
ggatctgetyg atcacctact cataggccag gecccctateg aagttctagg tgacccagtg 36180
ctggggacgg gggggccacce tgcaaggtct aatcatggag gtgggggcta cagtgttgge 36240
ttgtgctggg gccagcatcce ttaggaaggc atcttggagg tggaggagac agccgeccac 36300
ttecttgattg gggccttcag cagcaccagce ttcttgggca ggctggtget ggctttcate 36360
accatgtcgt gttcaatctt cttccagatc ctgacttcta ggttcagett tectcagacce 36420
ctggttectt tcagaggcca ttgctgectge cttgctettt getggettgt gecttgatta 36480
tatgtctttg tacaactttt tgttttcctg gagttaatct tcacatctgt tttcttggag 36540
ttaatcgtta cctctatatc gettgcettat tattctttgg cctttttgte ttctcacacce 36600
ttccaacttc tttgtaatat gtgtttagta caatttttca tgacaggtag tttactgaat 36660
cagtttttce ccagtgtggt catccaactt gagttatcca gctctectgece ccagtetggg 36720
caggttgatc ttcaggtctg tagtacactt gtatcctagg acttctcttt geccattagece 36780
tggaatttce tttgcagttc tcecccgttgga tgcccagtte ctagatgcca tatgttttte 36840
tatcgtctag tagcttcctyg agagaagatg aatgggaggg aaattgtatg aggttttgca 36900
ttcataaaaa tgccattttt tttcctgtac acttggctgg gtatggtgtt ctggggtaga 36960
aatcattttc cctcagaaat gcaaagtctt tgccctgttg tcttaaaatc tccaacgtga 37020
ccegattect taacctatga atgtactttt ctttggaage tttcecatttt tggggaggtg 37080
aagtgctagg tacttagtag gccttttaat ttggaaactt acatcccttce agttcectggga 37140
aaattttctt aacatttctc tgagaagttc ttgecctttta ttttetgtgt tectctectga 37200
aattggttag ttggatgttg gtcctectag attgactcac atcttacctt tttcttttet 37260
ttttctggta ctttttagat atccatctca aactcttcta ttcattgtta tgtttttaac 37320
ttetttettt tetttgtete ttgatggggt cttgccetgt tgcccaggtt gtggtgcagt 37380
ggtgcgatca tagctcactg cagcctcaaa ttcctggget caagcagcetg ttetgectca 37440
cceteccaag tagttgggac tacaggtatg caccaccacg tccagcetatt ttcectttactt 37500
tttttttttt ttttttgaga tggagtccta ctctgtegee caggctagag tgcggtggtg 37560
ggattttggc tcacttaagc ctctgcectecc caggttcaag cagttctcecct gecctcagect 37620

ctcaagtagc tgggattaca ggtgtgcacc accatgcccg gctaattttt gtatttttag 37680
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tagagccaga gtttcaccat gttggccagg ctggtctcga acgcctgacce tcaggtgatce 37740
cgectgectt ggcectceccgaa agtgccggga ttacaggegt gagcccatca ttagatcttt 37800
aaataccagt atctataagt cttttectcet tgagtcagcet agtatccctg gaaggaaatt 37860
actcattttc ctgcttggag gctataagct tggctatgtt tatcctgcaa ccggggactg 37920
gaagggaggg gactgacagt gttgctggtc agggtgcccet cttacttttt gttttctgtg 37980
tgcatctcac gtctgtccte agecctatgta aacacctcectt gagattatcce ctctcaatct 38040
ttgcecggagg tgggggaggg gcetgcttect gggctgectt ggattggagg gaagacctca 38100
ggtgagtggg tgggaatttg cccaaggagc catgagacca gccactattt caccctctce 38160
atccctecac tttcagatgt atgtggcgcece tccaaagcce gagcetcettet tggecgtetgt 38220
ggcttcaata agcttgecttt ttgctggtat ccctectacce ctecccecctgtce cccagcaaag 38280
cttgcatttg aacttcttecc tacgggctaa caaatcagtc agttatgtag ctcttgttac 38340
tttttagctt ccgaagtttt gttgacaccce gtagtctgcet aatgtccctg ttcectgttcett 38400
tctgttegtyg taaatatatg ctttatacaa cttcectttaca tgatttttgt ggggtttctg 38460
ggtagcagag cttcacaagt tcaatccagc gtgttggatt agaaatctcc caccctctgg 38520
tttattctta ttctcaaaat tacctgccaa acactgatac tcccttgttt tteccttttcece 38580
tgacaggaaa tgtacatacc atacaggaca gaaatcatta gtgtatccct tggtgaataa 38640
ccacaaagtg aacttaaccc ttgtaaccgc cacccaggtc aagacagaat attaccaagc 38700
actcagaagc ctctcecccecta tteccececgte actgctectg ccttectece caaggtcatg 38760
actgctggcet tctaattcca gagtctgttt ttaaattctg tgtacataga ccatggatta 38820
agtgttettt ttgtctggtt tattttggtc gacattaagt tcatgagagt cttctatatt 38880
atcgtgtgta ttagtattcc tgtagtttta ggagcttcat agcattccat tgtagggata 38940
taccacagtt tattcattgt attatcactg ggttgtttct agttcttgge tattgcgage 39000
agtgctactg tgaccactct taggtgtgtc ttttggagta catgtgcagg tttccatctt 39060
gcacagctag aggtggagtt gttgggtgat agggtgtgtg catctcagct gcagtagaaa 39120
ctgccaaata gctttceccttg agtgcttgta ccagctcacce cttttgccac tgtgtatggg 39180
gattccagga gctectggtcee tcgctagcac ttggaattge tgatgctttt actcettagece 39240
ttecctgatgg gtgttttetyg gaatcacatt atgattttaa tttccattcce ttaaagtacce 39300
cttggctectg aagtttaatg attcatgcat ctcttcectt ttgaagtact cttacaggta 39360
tgttgtgcat gtgttgaaaa gtggcactat ctattctaaa atacagtatg cctcctcectgt 39420
gtttgaacag ttgtagcgtg gccttgggge ctcectgttag ctggcecttgga gaagggattce 39480
ttgggattgt agagattaga cctgaggagg ccccttggag ctctcectgact aaattttatt 39540
ctttattatt ccaaactatt taagctcacc gtgtgctgac tcatcataat aatgagtagc 39600
tctcattgtg cttgtctatt tggactcata caatgatttt ttttttttect ttgagacaga 39660
gtcttgctet gttgectagg ctggagtgca gtggcacaat ctcggctcac tgcagcecctce 39720
acctcccagg ttcaagtgat tettgtgect cagecttcectca agtagectgag actgcaggtg 39780
cgtaccacca tgcctggcta atgtttgtat ttttagtaga gacggggttt caccatgttg 39840
gccaggttgg tcectcaaacte ctgacctcaa gtgatctgec ttecttcagec tcccaaagtg 39900
ctgggattac aggtgtgagc cactgagctt ggccaaagta gttttttaag atgttagtat 39960

cttttettge agctaaaaaa gtttgtcaga gatgattcta ctttgttcte caggtgtttt 40020
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ctcagggaga aattggaggc agtaagccac tgggggagtce ctgtggctgg ggggtggggt 40080
agtcctgtgg ctecttgtca gggagtectg tggctggcaa ggagagaagt cctgtggectg 40140
ggttgggagg gagtcctgtg gctggggtet catcctgtge ctaacagtgt ccagaggtge 40200
cgagaccagc tcagtcgggg agaccctaac ccagcagcgce tagaggaatt aaagacacac 40260
acacagaaat atagaggtgt gaagtgggaa atcaggggtc tcacagcctt tagagctgag 40320
agccctgaac agagatttac ccacatattt attaatagca aaccagtcat tagcattgtt 40380
tctatagatg ttaaattaac taaaagtatc ccttatggga aacgagggga tgggccgaat 40440
taaaagaaga ggttgggcta gttaaccgca gcaggagcat gtccttaagg cacagatcge 40500
tcatgctatt gtttgtggct taagaatgcc tttaagcggt tttcecaccct gggtgggcca 40560
ggtgttcett gccctcatte ctgtcaaccce acaaccttec agtgtgggca ttagggccat 40620
tatgaacatg ttacagtgct tcagagattt tgtttatggce cagttttggg gccagtttat 40680
ggccagattt tggggggcct gctcecccaata cagaggtctce gtgtaaattc cctgggagge 40740
gataagcctce tgagaaacag actatgctaa ccacgccatg aaagagaaac ttatttataa 40800
atcagatgcce agttactagt ttactgctta tttgcccagg cgtagectctg acagagtccce 40860
cgactcatag tgcttgctca gtgcatgctg aacaatgatt ggaatcaagt catggctcag 40920
agcatagttt tgaataatgg gaaatggatg ttcttaagta acatagtcac caagataatg 40980
cgactagctg ggtcaccecct tttcaatttt aggatatttt tatcaagatt taaatggcca 41040
tcattagagt tatagcactt tctcctttgg attgtcctag aggcccatga gaaagtattce 41100
cctaatttct taggagaaca gtttgtgggt agtatgcggt catgtccagt taaattgcag 41160
atatttccga tcgaagatgt tccagtecctg agaacttegt gacattagca ggacttctac 41220
aagccatctce ttagggtggg gcatttactg cagttggcta gtactctttt ctceccttaact 41280
ttgtcatttg ttgatttttt tttaactgtc cccaaatact gtgggcagag tgtatctaga 41340
attgaggcct ccaccattgce ggagaggaca tggatgctga gcagtcccct gagtgaaggt 41400
tataaagaag caaatagact acacatgtct gtaaactgct cttgagtgtc ccaaatttgg 41460
ggtacttcag ttcagctgta ggaaaagcct caaactgttt atactttgca agaattggaa 41520
acttctaatt cacgttaagt tttatgtaat acatgataag cttcatagga gcttcatctt 41580
ttatctactt ggacttttgc ttccgtaggt tttgttaaag gccttcatag cgaacctgaa 41640
gtcaagctcecce cccaccatte ggcggacagce ggctggatca gcagtgagca tctgccagca 41700
ctcaagaagg acacaatatt tctatagttg gctactaaat gtgctcttag gtaaggtgga 41760
ggcatatgag tggaagagtc tccagcatgt actcaagata gacctttgaa ataaataaaa 41820
ccagatgatc cctcagcttce tagaccaggc tatttggcac tggttgattg aatgtgaact 41880
gcactggggce tgctgtgage ccgcatgggt ctctgtgacce ctgcagatgce agceccegtgcce 41940
agggactggg cagtgggtgt gggctggtgt gagccctgte tgccacccag ggcctggceccece 42000
tctgtetgtyg teggccatga ctatggtgag tcttgtagge ttgagactgt gectegggtt 42060
cctgegggtt ctcectgtaggt cagttgacag tttcectcectgt tgtttgggta actgtggaaa 42120
cgaacactgg caagtgctga agcgagcatg tggacgtgcg atatgaaata acgacctggce 42180
tttcaaaggc agtgaggctc tcectggaaagg accttgctga gctagggatg tgggtgtgta 42240
gccattceca gtgggectca tggegtactce gttcatgate atgtttgtgce catcttgatce 42300
tctcaggatce tettettttt taacagatta agccgggaat ctccaaacag tgagtcagat 42360

gttaagatgt cttgcttcca cccccacagg cttactcegtt cctgtcgagg atgaacactc 42420
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cactctgectg attcttggeg tgctgctcac cctgaggtat ttggtgccect tgctgcagca 42480
gcaggtcaag gacacaagcce tgaaaggcag cttcggagtg acaaggaaag aaatggaagt 42540
ctctecttet gecagagcage ttgtccaggt aggagcacag ggtttactcect aggccctgca 42600
tgtgaatgac tgacattcaa agaaccgatt aatttggaag agaagcggca gaaccgagag 42660
ttagaggtgt ggactctgga gctgcgcectge tcegttteccaa ccctaggtge tgacctctag 42720
ctgtcttecce tectgtatgte cctgtcaccg tgagtcaaat gcgggtgatg cctcectcagg 42780
tgccgtgtta cctaagccte tcagagacca ctgctaccct gtttctaaaa ccagaggtca 42840
cgatatgtgt tcatccaccc agtaaatact gattgagcac ccactgtgtg ctaggctctg 42900
ggataggggc tgggtataca atggtgagta tttcagctgce agcttctgcecce ccgtggagge 42960
tgtggectag cacactggtce taggcacggt ggtatatgct cactcaagga gatagggacg 43020
tggtcgtttyg gggtgtcgga acaaaatgtc ggaacttcte tttccaatge agagaaacct 43080
tgcagtaatt ctaatgtact gtgattggca gttgacttca gttctttgta gcacgcttac 43140
tcaggttatt tcactaacta tgtaaccatg cagcctcatt ttaagcaatt ggattttttg 43200
aactttactt aaaatgttat gtcagggttt ttattgtgct taatgtgtgc catttagcta 43260
agttttgtag gatacgaaat tgtaagtggc ttaaaatgat tcttaataga atcatgaatt 43320
gaagataatg ctaataattt aagcactgag ttaggtagtg tttgtaaaat gcttagaatg 43380
cttcctggca catgttaagg ccatgtaagt gctgcgtgtt gataaacagce tgagcaaaag 43440
tggactctta agaaagtatt ggggctgaga gttctgttce aaccagctge cctttggtta 43500
tttttcagaa taaaagcaga gtctcatggg atatgacatt tatatttcct tcacaaaaaa 43560
cactgctgag tgttttgttg agtaaaaagg gtgtagccat ggtaataata catttaaaat 43620
atagtttatt tcatctttac cttgccttgt ttttttttta agctagcttt ttattgagaa 43680
ttccacacat acaaaagtat caactcatga ccagttatat ttcatttata atcctacttc 43740
tcectttttt tattatttga aagcaaaccc caattatcct cttatttcat ctataagtat 43800
ttcagtatct ctatagatga ggactcttct ttatttttaa aactttattt ttaaaatgat 43860
ggtcagatgc agtgttcatg cctgtaatcc cagaactttg ggaggccaag ctgggcggat 43920
cacttgaacc tgggagtttg agaccagccc gggaaacatg gcgaaacccce atgtcttaaa 43980
gaaaaaaatc agccaagtgt ggtgatgcat gecctgtagte ccagctactt gggaggctga 44040
gatgggaggg tcacatgagc ctggaagatc aaggctgcag tgatccatga ttgtaccact 44100
gcactccate ctgggtgatg gagcaagatt ctgtctcaaa aaaacaaaac tgcaaaacaa 44160
cgtcacaaaa cagtgccatt gttagacctg aaaatattaa acatttccta catcaaatac 44220
ccaccaactc attatcaatt tttctcectcta ctcecttttgga atcagcatct aaataaaatt 44280
ggtcgataag gattgtaaat ctctttgatg aactggttcc ccteccatccce agttttttte 44340
ccttagagtt catttattga gaaaccagat tgtttgtctt ctaagttttc ctgtggtctg 44400
atatactgct tccatctcca ctgtgtaaat taacaccttt ttctecttcte tgtatttceccect 44460
gtaaatcaat aattggagga aaagccttgt cagatttagt gtatatttta tatctgagtc 44520
cagtatttct tatataatat tttaagataa gtgtactctt ttaaaaagta ttgaaactat 44580
atgctcaatt ttttttaact gatgctttta agaaggctgce ttgatcataa aagtttagag 44640
atcattggtc tgatgggaaa agcaaataat tactaaaccg tttagcaagg ttgaggtgca 44700

catggtgggg cctggagaag ttcagtcatg agccgtcact tatgggcacg tggaatctga 44760
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cceggcacag agttgggaga agacaggagce tttatagaca gaaaatgtgg tcectttgctaa 44820
gtceccaggag tgaaagggtg agacagtgcet cacagcacac gagtgtgggt gcgtagacag 44880
agcaagggtg ggtcctgaaa aggcctgcag gctttctcat agattagcaa gagtgctggt 44940
tacggaggtt tctaacattt gtgaacagat cgaaactgtg ttaaattggg attgcagtaa 45000
tcetggaagg acagggatag agggtgaagg ggaaaaaagg dgtatggatgt gagacttaat 45060
tgctgatttt cttaagacct ttctccaaag taaataaatg atgtggcaca tttttgaact 45120
ggcaaattct aaactctaga tatgattatc tctataacat atcttactcc atcttetttt 45180
gactaaaaac tgttcttaat taaattacca tgagacgttc aattcagcaa atgtagtttg 45240
gctaaccata tttaattaga atttaatata atcctaggcc tggccaaact attaagcaag 45300
tgtgggcaaa atattgataa ttttagatat gcaggaactt agtttgcttt ccatgtgtgce 45360
ttttcgaaaa aggaataaat tgaaaaatag aggaagccct gaaatccaag aagcaaactc 45420
tctcacctag gcatgcagta aaagcaattc taggatgatt gectgtttgge gegtagttcecg 45480
tattagaaac cattcttctt gaataaatag tatgtttaag aagctgggca gagggaaggc 45540
atatgcatat attatcaaca aggagggaga aaaaggcaat tagtaaccat ccataggagg 45600
gtcagcaaga tttataaagg aaatttgtga tccaagtatg aagcaaaata aggtgcagaa 45660
taaattttaa gcaagtaata gattagagta agagaaccca tttgaccatt aaccttggga 45720
cattctettt caaatgacat ggagtagtac tgaaatcttt ctttectttet gagtctaggt 45780
tattgtgact ggactcagaa agaaatattt cattattgca gtgaataaca tttgtgaaca 45840
ttattgttca taaattatgc agtgaataac atttatgaac acgtgatgtg taagatacat 45900
actgtttatt tttagttaag ttttttggct caacttctag gcagagaaca ttaaatgtaa 45960
atagtgttac ctaggagcat gtaaatggaa atctccatag tatgaaagca gtgctgttgce 46020
taacagaatt taggaggggg cagatgaggt gaaggaaatg tgggtgctga tttccttatt 46080
acattgagag gagccaggag attctttgtt caaaatggat ggcttaagaa gtcaaagtat 46140
aagctgatta cgtagagcag gtacccaaaa atgttttgtg taaggggcca gatagtaaat 46200
attttcagtc ttgcaggcca tcccaagtct gtggcagcta ctcaacacta cctttgtage 46260
atgaaagcag ccacaggcag cccataaatg tggctctgtt ccggtgaaac tttaggtaca 46320
aaagcaggtg caggccagac ctgacctgtg cactgtggtt tgctgacctg ggattcaggg 46380
gtatagaagt taccatcaga agagctaaaa gtgagacttt ttactttata ctcttctaca 46440
ctgtctgatt ttgaaaaaaa gaaacatgta ttttataata ttaaagatag ggttggcaaa 46500
tagcaaataa aaatacagaa taccagtgaa atttgaactt cagatacatt atgagtaatt 46560
ttatggtgta agtatattcc aaatcatgtg ggacatactt acactacaaa attatttgtt 46620
gtttgtttac agtttaaatt tgagtgcctt gtattttatc tggcaactgt aattaaaggg 46680
aaaaagaata aattcattat gttcatataa tgtgatatag caggggtccc caacccccag 46740
gctgcagagt ggtactggtce catgggtccc caacccccag gctgcagagce ggtattggte 46800
catggecctgt taggaaccag gctgcccagce aggaagtgag cagcaggtga gctggcatte 46860
ccacctgagce accgcctect gtcagatcag tggcagcatt agattcccat aggagtgcaa 46920
accctattgt gaactgcaca tgtgaggggt ctaggttgtg cgctceccttat gagaatctaa 46980
tgcctgatga tctgaggtgg aacagtctceg tcttgaaacce atccecctgge cctgtggaaa 47040
aattgtctce catgaaacca gtctetggtg ccagaaaggt tgggtagcac tgtgatatag 47100

tattaaaagt gctaataaat atggcatact gcctttaaaa tgtctggtag ctctttctca 47160
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gtggcactca taatagtgtt ttttgatttt taaatgtgtg tcaagctgac tctcecccecctece 47220
gtgtatgctg ggctttattt tcectttect agtcaccagt tttgggaaat agagatcttce 47280
attctcatgce tgctcecctcta gtgcaagtgce tccatttatt tttaaggaat taatataaca 47340
aaaaatcatg ggaatttaga aaacaacatg gaagctaatg atcacattgg tggaagtgat 47400
agggaaatat ttagggggag aagttaaggt ataaactttg tcaatgaagt cctattaaaa 47460
acaacaaaaa agtgaagctt aggatgcatt ttataaactc tgaccagaac acctgtgttt 47520
ctectgtttet aggtttatga actgacgtta catcatacac agcaccaaga ccacaatgtt 47580
gtgaccggag ccctggagct gttgcagcag ctcttcagaa cgcctccacce cgagettcetg 47640
caaaccctga ccgcagtegg gggcattggg cagctcaccg ctgctaagga ggagtetggt 47700
ggccgaagec gtagtgggag tattgtggaa cttataggca agttattagc aaggtctact 47760
cttacaatta actttgcagt aatactagtt acactctatt gattatgggc ctgccctgtg 47820
ctaagcagtc tgcattccat cttceccttgcc aaaacttata atacaaattt catctttatt 47880
ttataaatag gggagttggg ctgggtgtgg tggctcacgce ctgtaatttc agcactttgg 47940
aaggatcgct tcagcccagg agtttgagac aacctggcca agtgagaccce tgtctctaca 48000
aaaaaaaaaa aaaaaaaaaa attagctggg catggtggca catgcctgta gtcccagctg 48060
ctttggaggce tgaggtggta ggattgctta agcccaagag gttgaggctg cagtgaatct 48120
tgatggcagce tgcactgagc ctggtgacag agcaagatgce tgtctcaaaa taaatttaaa 48180
aataaaataa gagaattaaa gtttagcagg ttgggtggca aaatgaggcc acacatttaa 48240
agcccectect cctgattett ttetetgect tggectgecte ctgtggcatt ttaggtgctg 48300
agaaatgaaa acagtaggga aaatagttcc aggatcctca tgttaatttg ccagaaatgg 48360
catcttcaag tcgtcagagg gatctgagag ttccttectg gectgacttg agaaaatccg 48420
tctgteccca getcetgegte tgcctecact gcccagtcac ctectecteca tgctettggg 48480
gctgggceect accccaccat gcagtgctge cctggagcag tgagcettggt gggtectgte 48540
tggcatgaga gctgcctttyg ggagctggat cccagcctcect accactgggt ctggtgccta 48600
gcaggctatg gataaacttc tgctgactcc ggcctcectect aagccactgce aacgtggtcg 48660
gtgtagtgca cagtgtgtgt gcagcgtggce cttactcaca gcctccacat tagagagaat 48720
ctgactgaag tcttactgct gectegtgtg aacataaatg tttgccagaa ccatgagcag 48780
gaaatgttaa tctgccttgt ttectgtecct ttacacggaa gaattttttt ctgtatggaa 48840
tgcgtgectt acaaataatg agtggaaata cccatcgcta atgaaaagtt atacttgact 48900
gttagtcagc taaataatct gagatttcta atacttttaa tttggctttt acaatgcaat 48960
ttatcttage ttttttgatt tcecttaggtca tatctttaga actatatatt tgaatgttaa 49020
tgtaattttc atattgaaat taaaatgttg aactgcgatg ttaagtgttt cctgtggaaa 49080
aacgttcaca ttttctctag ttttaaagtt gaatcaagct gtttgaagat tttcacattt 49140
cttctagatt ttatcagctt gttactttat ctgtcacttt ctgtgatttg cagctggagg 49200
gggttccteca tgcagcecctg tectttcaag aaaacaaaaa ggtgattatt tcagaaatca 49260
gagtcttgtyg ttgaatctta ctgattttct tgtatttctg taatgtaatg tatcttgtat 49320
ttcttgtaat actgtattgg actctgtgta tatctcttcect cagatgagtg attatatgtg 49380
tgaatgttgc tggaatctga taaccaggcc tgaatagttt tgtagggtgg cttttaaaaa 49440

ttactttcat atcagaattg ctttgtcata aattttgaac gcatcataaa tttctaatgt 49500
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tcggggtcag cagacttttt ttgtaaaggg acagagtgta aacatcttag ctttatggge 49560
catatggtct cttttgcaac attcagctct gccctgtgac aggaatgcag ttgtaaagac 49620
atgagctact ggccagctat gttccagtag aactttactt acagaaacag acaggctgta 49680
gtttgccaat acctgcctta gggaatgtgt tgttatattt tgtgagttac cttctcagta 49740
aattttattt agtattagtc aggaatatta ttaagtagct tcttttccag cctggtcaac 49800
atagtgagac ccggtctcta ccaaaacaaa acaaaacaaa aaaacagcca cgcatgtggce 49860
atgtgcectgt agcctcaget getgctcagg gggctgagge aagaggattg tttgagccca 49920
ggagtttgag gtcacagtga gctgtagtca tgccactgca ctccagccta ggcaacagaa 49980
tgagaccttg tgtcttaaaa aaaaaaagtt tcctttgttg ggttatttta atttggacct 50040
ggttatcatt tttcagccat atttaacttt gtacatatca gaatgttctg ataaaactta 50100
acttttatta aagtgtttgt gatataatct gctagttttg gtacacatta tcttttgcaa 50160
tgccagttat tttcttttec agtgtgggtt tgcataggaa aagaattgct gtcactttcet 50220
attttgaaat cttaaaagac tgatcctttt ttgtgtcatg atttgagtat ttaattgaga 50280
gcctaatgec taatattatt tgcagtatta aatgggatct taacaggaat agcattctag 50340
ccttcattga attaagtaaa catttcttaa gagaacttgg aatctataat atttgcgtca 50400
tcatagtatg agatacttaa tcaagtttga gattttagtg aaacattgtt tagaagccaa 50460
aaggattcta ggaaaaatta atgtctatat tcttgaatta ggagagattt tgggacgtgt 50520
gactaagtta cgctgacact tgtttgtttc ttagtcgctt tttccagtgg cggtgagaac 50580
gaagatgact gattcacatt gctcagatga gtttatccte ttctggctgg gacatgggat 50640
atatcctgtce tecttttaage ctttttggta tttttcccce attgagaget gtgtcecttcaa 50700
actcttetgt tatagctgga aaatcctttt taagtgaaat ctgcccaaat tataagacag 50760
atgaaggtag agttgtgttg gatataggat tagggtgaaa gtagtggggg tgtcctggag 50820
cctetettet ggtggcagece tagctettgt gectttgagg aaattaccct ggggacgget 50880
ctgtggaaca tatttgcaaa ccactgattt ggaagataga gatggctttt gttaagatct 50940
gaattcacct ttttggcatt ttatttgatt tctcaaggta aagaacttat tttgtaataa 51000
agtttcctat tatttagtag ataggccaag ttgctgtgtt aattccatgt agattttggg 51060
tttcectttge tcatttttte actcttaatc tcacatcatt gtaagtttat ggaagttatce 51120
atacttctga ctttttcttt gaagagcaga aattagaaat tcccaataat tattttgata 51180
gtgtcattta atgacactca catgtgatgt agccacaaag atttaatgag ttcagtttta 51240
aatcatatta agactgttgg tttcatttgt tctcattaat gtaattctga agatgaacaa 51300
taaaatgtat ttttagaact ttcaaatgaa atattatttc atccttccag atcatataat 51360
gcttaagtte tgattgttaa tcataaagtc tagaaaatta aaagataata aaatgaaagt 51420
gacttttagg tattagagtt ttattataaa ttctggtgtg tcattggagc tatgacatga 51480
atatttcaaa ggccaatagc attggatctt tacagttata acttaccatt tttaagttta 51540
agtagtaata tagattattt aataatcaaa atcaataaat attaattatt aaaatgtttt 51600
gtggtatagt ttgagaatca ttgcttttaa ctttttccat ataggtttat tgactttaat 51660
agcattctaa acataacatc tctacattct ttgtgtttaa tactgtggag gtataaaaat 51720
acttatatat gatgataaac tatattagag taaattaaat attcttatga gtttcatttt 51780
agagtgcatt tacttaattt tgaagtcctt atttttagca aactaaaagg aatgttggta 51840

cattatttac taggcaaagt gctcttagga gaagaagaag ccttggagga tgactctgaa 51900
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tcgagatcgg atgtcagcag ctcectgectta acaggtagtt ctcactagtt agccgetggt 51960
gtggaccttc actgtctgce ttceccacceccect tgcccttecet getegteccecce ctgcacctgg 52020
tggacagcac gactgggggc agcagtggag ccaggttgct taaatggggc atattcecggge 52080
ttcttttata atacttactc tgaagcttgt gtgtctgtgg tgtttgcatc atatatttgt 52140
tgttttecat ggtttaggct gttttaaaat taggtttatg gcttgagcat agggetttgt 52200
gagtagggga tggcaggtcg aaacatctca tgagttggat gggttatgct gggggttggg 52260
aaatgggatg aaaaattatg ggatgaaaaa ttgcctatgg atagtttaac ttgaaagaat 52320
ctgcctttgt ttacagatag ttatcttttt tcttttttga gatagagtct cacactgtca 52380
cccagtgcag atacccagtg tcactggagt gcagtggtgt gctcettggtg cactgcagece 52440
tcegecttet gggttccage gattctectg cctcagecte ccaagtaget gggactacag 52500
gtgceccgeca ccacgettgg ctaatttttg tatttttttg tggagacggg tttttgccat 52560
gttggtcagg ctggtcttga actcctgacc tcaagtgatc tgcctgcctce agectcccac 52620
agtgccggga ttacaggagt gagccactgt gcccggccag ttacagatac ttatctaatg 52680
aaattctctg tgtactttat aaaagatgag gattaactga aggtactaat aactggatta 52740
tatgagggtg gttttggttg tataatccta tctaaaagaa tattttagct ataactgaaa 52800
gtaagactta aatatttaga gaggaaaatc tgaataattc tagtagtaat tatttattta 52860
caaaataaaa atagattttt ttttgattac acaaattaaa caacaataaa acatcacagc 52920
aatccggata ctataaagct cacatgctta ccgacccaac tgccccagga gtgaccactg 52980
ccaacagctt catgtcgacc tttttgccat aatttttata tagccttttt tgtttttaaa 53040
tggtaattta gaaagtcaac taggaaaatg tgttacaggt ttatcttcca ggagaatagg 53100
actggagtcg agatcttgaa tgtggcttgg aagaaggcaa gcccacccca gagagatgag 53160
ttgacagttg tttctgacca ctgcttgcett agagggcctg cgtgtcectgtg accgectage 53220
tttgcgecece tgactaggct gecccttaat tacaaatgte tttatatatt gectccagecta 53280
aggcttggag tagtcggtta agaacttgaa cttcggtttt tgcagtgaaa cagcatttga 53340
gaatatcacc ttctgataag ccttatttta taaggtgggt actgtagtgg gaggcagtgt 53400
gagagatgct tgaaggatgc actgctgtcc tgcatttcag catcttcagg atgcetgtgca 53460
gctgaaacat ttgataacgg tggaactgtt cgttattttg caagcctgtg attccctatt 53520
gaatgttttc tctecgccatt tgacaaatga gtgtttctet gtecttcagece tcagtgaagg 53580
atgagatcag tggagagctg gcectgcttcett caggggttte cactccaggg tcagcaggtce 53640
atgacatcat cacagaacag ccacggtcac agcacacact gcaggcggac tcagtggatc 53700
tggccagectyg tgacttgaca agctctgcca ctgatgggga tgaggaggat atcttgagece 53760
acagctccag ccaggtcagce gecgtceccat ctgaccctge catggacctg aatgatggga 53820
cccaggecte gtcgecccate agcgacagct cccagaccac caccgaaggg cctgattcag 53880
ctgttaccce ttcagacagt tctgaaattg taagtgggca gaggggcectg acatcttttt 53940
ttttattttt tatttgagac agagtctcac tccatagtgce agtggaggcc gggcacaggg 54000
gctcatgect gtaatcccag cactttggga gactgaggca ggcggatcac ttgaggtcag 54060
gagttcgaga ccagcctggce caacatggtg aaaccctgte tctactaaaa atacaaaaat 54120
tagttgggcg tggtggcaca tgtctgtagt cccagctgtt agggaggctg aggcaggaga 54180
attgcttgag cctgggaggc agaggttgca atgagccgag atcgtgacac tgcactccag 54240
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ccegggcaac agagcaagac tccatttcaa aaaaaataaa aaaataaagt gcagtggcte 54300
gttctcagee cactgcaact tctgecctececce aggctcgage gattctecccg cctcagecte 54360
ctgagtaggt gggattacag gtgggcacca ccacactcag ctaatgtttg tattttcagt 54420
agagacaggg tttcaccatg ttggccaggc tggtctcaaa ctcctgacct tagatgatcce 54480
acccaccttg gectectaaa gtattgggat tatagttgtg agccaccatg cccggecctg 54540
ccacctgcca tettttgagt tettecectgg agacctagac ctgaacccte ctgcttgtte 54600
tcttgttatce taataccccect attgacagcg cagcttagat cattaatgga gagcttgacce 54660
tcatctgata ccttcactga aggaaacaac ttagtgtctt ttgtgttgaa cactgaggta 54720
aaaaattgga atagttgatt atatgaactc tgctaaaatt gagtgcattt tacatttttt 54780
aaggccttgt tgggccctgg ttaaataatt atttttaaaa atccttaagg agcctattat 54840
aaacagatct gtggtcttaa tgaaatgtga ttaatactgt gcattatttt aagaactttt 54900
gacttttcaa aaaactttta caacatttcc catttgatag cggcataggt ttaagcactt 54960
ctcatctcta agttagtgga caaaaaaccc tcatggatag tctaataatg tttgctacaa 55020
gtccatgttg agttttatac tccattttat tttcagtttt aaaaactgtg gttaaatatg 55080
tgtaacataa aatttatgtt cttaaccatt ttttgcgtat acagttcgct ggtattaaat 55140
acatttaaat aatgtcatgg aatcattgct accacccatc tctgtaacct tttgatcatg 55200
taacactgaa gctctgttecce cattgaactc tattcctect ttcecccgccaa gtccectggceca 55260
accacgattc ttctttctgt cttctgaatt tgactacttt gggttctcat atactttagg 55320
agtcacacag tatttgtttt acttagcata atgtccccaa agctcatgca tgttgtagece 55380
tatgttagaa cttcctaatg tttcaggcca aatactattc cattgtatgg ataggccaca 55440
ttttgetttt ccattcctet gtccatggac acttgtattg cttcatgttt tagccattgt 55500
gaatcatgct gttatgaacg tgggtgtaca gatagctcct ggagactctg ctttceccattt 55560
ttttggctaa atacccagaa atggagttgc ttttacattc caattttaat ttaaaacatt 55620
catatcattg agtgttttac ttaatagtat agtagttaac aaacttaata aaatagtatt 55680
ttggtaataa tttgctggta gtccattgtt cagttttttt aggtaaatta cacaggacat 55740
ttcaagtgga catgaaacat cttgtgatgt ggaatcatgc cccaagctga tggctaaaca 55800
tatgaaatac cataccctaa atttagtaga tttagtcttt gcaatttagg agataacctg 55860
ttatattgtt aggtttttgt cgaaaagctt tgtcctcata tttccaactt gctgtaaaat 55920
ttgtttgtga agacaaatat ttttgtatgg gttttttctt tttcatatta aaaagaaatg 55980
tccacattgg aatttttttg gagtttttag agctaataga gcttttcata atgtagtggg 56040
aatgagtgat cagtaagctc ttagcagttt ccatgcgtge atttctgtge cttgaaataa 56100
atgacagatg agtacatttg tgttctgtgt gtaaaatgtg ctctttccte attgcacttce 56160
catgttggag ggcttgtcte ttggtgatca cacttcaaaa ttctcacagce ccccecttgaa 56220
ccgtttaggt gttagacggt accgacaacc agtatttggg cctgcagatt ggacagccce 56280
aggatgaaga tgaggaagcc acaggtattc ttcctgatga agcectcggag gecttcagga 56340
actcttecat gggtatgtgg actacaggtg atgcgctaca aagtggtttg tattcagacc 56400
tggacatctt aattatatct ttgcttccaa gaagaagtcce tttgatactg ttttcectgagt 56460
tctgaatage tgatgaaaat gaccaattga ggaataatca tactttttct tgatctaaat 56520
cttatacttt tgagttatct tagcataaat gtataattgt attttaagtg gaaatttgtc 56580

acttaatctt gatttctctg tttttaaagc ccttcaacag gcacatttat tgaaaaacat 56640
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gagtcactgc aggcagcctt ctgacagcag tgttgataaa tttgtgttga gagatgaagce 56700
tactgaaccg ggtgatcaag aaaacaaggt gagggacata ggcttgagac gacttggtgt 56760
ttctgagett gtgtgaggat ttaaaatcgce cctggctact gtctacttta ttgctttcce 56820
atccctggge ctttaaattt cccctttaaa taccagctcect tcecccaggect gttgttttet 56880
gcctttecag gtactaccca cagecttgag aattgectga gttectgecte ctttgagagt 56940
gtgccccaga caaatctatt ctgtactgaa tgttteccttg tcectgatttcect tggatcatte 57000
atttgatggt tgcgtatggc ctgcaacgtt tcttgttttg gttctactga actgttctaa 57060
aagtctctct tcatattatc tttttacatg taaatgtaac tgtcttcact tttaattcct 57120
caaggacaag gaatagcgtt tcacagttcg tcccatcaat cagaattata gecctttggca 57180
tctecectate taccaggcecc acttectett agatttggge ttceccccagge tgttgecttt 57240
cceccaagtag cttcetgecttg tectgtagaa gacctttcecat getttgette tgcagcagee 57300
gttcctgaat gcctagtgte aactgectte ttaccacgec caccctcecect gcatgctgca 57360
tttatccecct gecacagecece tgtgaccctg tgtectgetg cctcetgactt gtectgtttet 57420
gcttggcecat ggtcectetgtg aggtcaggtg tgcatatggg cacaaaccag ggcatctcett 57480
tatcceccage acctggctta agtgctgcte tggaactate tgttgaatga actaatgcat 57540
gaatgtattg ttgagtatga gacaaacaag tgtcattgtc tcctttctag ccttgccgca 57600
tcaaaggtga cattggacag tccactgatg atgactctge acctcecttgte cattgtgtce 57660
gccttttate tgcttegttt ttgctaacag ggggaaaaaa tggtgagtac aaaaggggat 57720
gtgcacagtt gaaggaaata actaggtttc agaggtcagc ttggtggcct gtttttgect 57780
tgcgtgcage agaggaagta gaatctgagg atgagtttgg ttttcactag ccgaggggag 57840
ggaggaaatg atgggagcag gtaggttatt gggtctggtt ttgttcattt gaaaacaatc 57900
tgttgtttga ggctgaaggt ggcttgggtg atttcttgge agtgctggtt ccggacaggg 57960
atgtgagggt cagcgtgaag gccctggcecce tcagcectgtgt gggagcaget gtggecctcee 58020
acccggaatce tttcttcage aaactctata aagttcctcet tgacaccacg gaataccctg 58080
gtatgttaaa agttcacatc ttattttctc agatttaatc attattgtaa aaactatttc 58140
agtattgact attttagttt tagagcagta agtgttttga gttcatttgg gatatttgac 58200
ctgcgttgta gctcttcaga aaacacatga atagtgaagt tctttgtttc atgggttcce 58260
tttagatgaa acccatagag gagaaaagta gaaacctcag cacgtaagag ccaacatata 58320
tacacatcgg atttaaacct aaagcacaaa ttgtgcctgg tcgcagtggce gectgagtcge 58380
actcagccag gccaggcatt cacactcagg gtgagtggga accaggactg gctgaggcag 58440
cagtggaccc aagtctccat cgcgeccatg cttactatgg agecttcteg ttcectetettt 58500
ttetttgggt gagagggtac acttgtgttt ttgaatttat atgaggtaag tgtgtaatag 58560
ggttttttet aatctttttt aagtggaatc tggaatttta atcagattta ttatctgaca 58620
acctagaatt ataatccaga aagtctgtgg tattgaggac atattggcaa tatgatgaat 58680
ctctaattct taaatcctga aacttttttt tttttaatca cttagggtta ttatagtgaa 58740
gtcatttctg aatttggatc ttctcecttcac acctecttttt ctectttectg agaattaage 58800
ttttgtttcg agttagaaag ttgatagtag ggaattgttc catggctgag caatttatct 58860
ccacagagga acagtatgtc tcagacatct tgaactacat cgatcatgga gacccacagg 58920

ttcgaggagce cactgccatt ctcectgtggga ccctcatcectg ctecatccte agcaggtcce 58980
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gcttecacgt gggagattgg atgggcacca ttagaaccct cacaggtaac ggccagtttt 59040
tcagctgtgt tttttctagt tatgcttact aaggtttaag tttagatgat gatgtttgtt 59100
gcttgttett ctggttagga aatacatttt ctttggcgga ttgcattcecct ttgetgcgga 59160
aaacactgaa ggatgagtct tcectgttactt gcaagttage ttgtacagct gtgagggtga 59220
gcataatctt ctgtggaacc atttcttcac ttagtggaca ttttatcatt gctacaatta 59280
aaattggagc ttaataggaa atatttccat gcactctaaa gctgtaacca gtaataccca 59340
ccatgtatcc atctctcage tttagaaaga aaacgttgcce agtaaagtta atgcttcata 59400
aacttcagtt taagttctaa ttctcagaat atttgtttga aatagacctc ttcctaaagg 59460
atatatttag aaataaccta tcattaagtg taaagtctgt tgaatatgct gggcacggtg 59520
actcacacct gtaatctgac cactttggga ggccaaggtg gaaggattgce ttgagcccag 59580
gagttcaaga ctatgggcaa catagttgac cctgtcccta cagaaaatta aaaaaaaaaa 59640
aaaaaaaagt agctgggtat ggtggtgcat acctgtagtc tcagctactc gggaagctga 59700
ggtggagggg ggattgcttg agccccagag atcaaggctg cagtaaggcg tggttacacce 59760
actgcecctet agcectgggca acagagtgag actgtctcaa aaataatagt aataataatc 59820
agttgaatta aaaaaaaaaa aaaaaaaacc actgtgctag gcccatagta tggtaagagt 59880
taaagtgagc cttagggatt atttactcaa cctctgtttce tgtataaagt ggaataggcect 59940
caattcttta agtgatagca tgttgaacct ttccatacca actggctcat aagtcacaac 60000
tggccagtca acaagagtaa aaattaactg gtaaaaatca aagcaaaaaa cctacaattg 60060
tcaaatttgt gggataactc ccccttttaa aatgtcatge ctgacagtaa tttctetcta 60120
gtttccaggt tttcagtcag ttgtgtcttt tttgagcaga aggaagcatg ctaagagctc 60180
aatcttgtgg ctagctgggg gtcectttgtgt cagccatgca tgtgatggtg cccctgggtg 60240
cttggggctyg caggggaggg gtacagcagt aggggcctgt tcectgttcectet cgtgetgtgg 60300
agtacatagt gacatagtgg ggtggtcctt ggtgtaggtc ccttgttcect acccetgggt 60360
ctgagattta tttagaagtg gtgttggggc tgtgcggcag gcccctcectgt aactgatcaa 60420
tgtttgtgaa gttgctgttt gagagttgaa accatgacat aagcagaaat ggaaggaaga 60480
aagaaccagt tatgtgaaag ggacacattt acttttaagc ttgtatttac tgagataaag 60540
tattcttaat caatgttctt gagaggtgtg ggaaaaatgc aacatcctgg ttgcagttaa 60600
acccagaaca ttgtgtgttg aagagtgacg gttctcaaac cgtcaagacg cgggtactga 60660
gtgggactaa cctgctgtce tcttgecttg gaccttgtgt tceccagaactg tgtcatgagt 60720
ctctgcagca gcagctacag tgagttagga ctgcagctga tcatcgatgt gectgactctg 60780
aggaacagtt cctattggct ggtgaggaca gagcttctgg aaacccttge agagattgac 60840
ttcaggtaag tgagtcacat ccattagatt tcatgaacta agctcaattg aaagttctgg 60900
gatcacttga tgcaaggaat gatgttatca agtaccctgt ccatcagaaa tccgagtggt 60960
ttaggtagat gacagtgatt ttctcctcce agtggctttt tgctgaactt tgccctatge 61020
ttggaatttt attttatttt attatttatt tagagacaag atcttgctct gtcgcccagg 61080
cttgaatgca gtagcacaat catagctcac tgaagctttg aactctagga ctcaagtggt 61140
cctectgect cagcectceeceg attagetagg agaataggtg tgtgccgtca cactggctaa 61200
tattttttgt agaaatgggg tcecttgctatg ttgcccagge tggtctcaaa ctcecctggget 61260
tgattgatcc tccatcttgg cctcecccaaag tgctgggatt acaggcatga gccactgtge 61320
ctggcctaga attttaaaat ataagtagaa gagtagattt ttttttttgg tagtcctcgt 61380
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catttaagta ttctggatag tgggaataaa agagcttaga atttttcatc tttgtcttaa 61440
acttttaaaa aaatgtagct tatattaatt ctgcttgttt aaaaagaata tactcttcat 61500
tatactgaac ctaggtaaga cagctggttt atattttgtt gcaattaaaa aacgtgagct 61560
gtggttgcag tgagccaaga ttgtggccat tgcacttcag cctggcaaca gagtgagact 61620
tggcctcaaa aaaaaaaaaa taacatgagc tgtgttggca ctttcatttt ctaagagtag 61680
ttttggetgg agaagttttc tttcagtact ttcttttaga agggaaattt tcctttataa 61740
tttagggttt gttttttttt tttccaagcc accttttata gagcccttgt gggttattte 61800
atttaatcct tagaatgttt ataaatctgg gcttgttcecte ggctccacce acagataggg 61860
acgctgagcg tgcatgagtg ggcagcaaga tagcaggtta tggagggccce agctcaccce 61920
ttetgtgget tgagccaatt ttatagggca cttacagagt cttttgaaat agtatttatt 61980
ttgaagaaaa agaaaaacag tttactgagt actgtcttat tgagtctgga attgtgagag 62040
gaatgccacc tctatttatt taaagccatt ggcctttttt gttgttttga gtaagtgctg 62100
cccaaggtcce ttccagggca cctggatgag cctgctetgg agcaagcectgg cggtaagtgt 62160
ttactgagta actaaatgat ttcattgtta aatgtgctct tttgttaggc tggtgagctt 62220
tttggaggca aaagcagaaa acttacacag aggggctcat cattatacag gggtaagcgg 62280
tttatttttg tgagatgctg ttttaccttc aagaaggtga aagtgaggct ttccttgtgg 62340
aatttctcta aatgcattcg tcatgtttta gatgtttatt tcacagttta tatcatgaaa 62400
gttataatct tgtcatatgg atttaagtct agtaatgttg agttctttct cactagcettt 62460
ccaaaatatc ttacctaaaa tttagtcaaa tacaagatta tgtttatttt tattatcctt 62520
ctctctaaag cttttaaaac tgcaagaacg agtgctcaat aatgttgtca tccatttget 62580
tggagatgaa gaccccaggg tgcgacatgt tgccgcagca tcactaatta ggtatttacce 62640
aatattttat ctcttttecect tttttggttg aagtactaaa agatacgaga atggaaagag 62700
agggaagaat tcaaaggatg tagagcagta ttcctgaatc tgagctcatt tcagccattce 62760
tattcttaaa ctataatgaa aaaaaaatcc aaaaaagtct aaaattataa ttaaaaaaac 62820
aacaaaatac taactgtcca ttgtaaaaag taatgcactt tcattgtaaa aattttggac 62880
tatagagaat agtactaaga agaaaaaaaa aatcaccttc aattctgctg ccacctggag 62940
gtaatcactg ttaatatttt gctatatact ctatgagttt cttgttcaaa atcaggtcaa 63000
aattacatgc aattttgtaa tctgacaatt tccacttaat attttattag cattttcctg 63060
ttatgaaaca gtaattttag ttatgggtcg ttgttttgct atgcggttgg gataaaattt 63120
tatatacttt ttttggcaat tacttattat acataaatgt ttgtgtatag ttttcttttt 63180
ctgagaattc ctggaagttg agttaccagg cccggctttg aatttttttt tttatttttt 63240
ttttgagaca gagtcctgcet ctattgtcca ggtgctatct cggctcactg caacctctgt 63300
ctcecctggtt caagcgatte tectgectca gcectcecccgag tagcetgggat tacaggggca 63360
caccaccacg cccaattaat ttttgtattt ttagtagaga cagggtttca cgatattggce 63420
caggctggtce tcgaacttcect gaccccegtga tccacctgca ttggectceecce aaagtgctgg 63480
gattacaggc gtgagccatg gcgcectggec aggctttaaa tttaaaacaa atcttctaat 63540
agctttatgg aggttataat ttacatttct tgaaatgtac tcactttgag tgtatagtaa 63600
actccaattt tatcacattt ctgtcacccc aaatgtatcce ttgtgcccat ttgctgtaac 63660

ctcecggttee tgccccaact cctaggcagce cactcatcta ttttetgtece cttaagattt 63720
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gtgttttecge caggcgctca tgcctgtaat cccagcactt tgggaggccg aggttggtgg 63780
atcacttgag gtcaggagtt cgagaccagc ctggccaaca tggtgaaacc ttgtctctac 63840
taaaaataca aaaattagtc ggatgtggtg gcacacgcct gtaatcccag ctactcecggga 63900
ggctgaggca ggagaatcac ttgaacctgg gaggcggagg ttgcagtgag cagagatcgce 63960
gccactgect tceccaacctgg gcaacagaga gagactgtcet caaaacaaac aaagatttgt 64020
attttctgga cattttatag tactggggtc atagtataga tggacttttg catttggctt 64080
cttttactta attgtgagat tggttcttgt tgtagcatgt atcagtagtt tgttcatttt 64140
tattggcgaa agtattctat tatatgaata ataccatatt ttatctatcc atcagatgga 64200
tattatagag ttcatgtttt ggctaattta tgaattatgg tactgtgaac atttgcctgce 64260
aagattttgt gtagacatgt cttcatttct cttgagtaga tcacctagaa gtggattttt 64320
aaataatttt ggtacttact gtgaaactgc tcttcaaaaa cataccattg ttccttecctt 64380
ccttecttee ttecttectt ccecttetttece ttectceectt ccteectece tteccectactt 64440
ccetetecct tteectttece cttececttt tceeccttecce ttececgectg cectgectgee 64500
tgccttectt ccttecttec ttegtttett tctacatata cacatttttt taaatttcaa 64560
tggtttttgg ggtacaagtg gtttttggtt acatggctga attttggtta catggtgaag 64620
tctgagattt tagtacacct gtcacccgag tagtgtacct tgtacccaat atgtagtttt 64680
ttgtcectca ccttecagee tteccgecttg tgagtctceca atgtccatta taccacactg 64740
tatgceccecttg cgtacccaca gctcagetcece cacttctgag aacatatage agaaacatgce 64800
caaagtatac tcccactacc agaatgtgat tgtgcctgat tcttectcacc agtacaaata 64860
tttcaaaaaa agttaaatat gtatcagttt tttgggcaga agttgatact tctctttatt 64920
tatttatttt ttttgagata gggtctcatt ctatgatgcce caggctggag tgtggtggtg 64980
cgatctegge tcactgcagt ctctgectcece caggttcaag tgattcccac gtcagectcece 65040
caggaagctg gaattacagg cgagggccac cactgccagce taatttttgt attttttggt 65100
agagatgggg tttcaccatg ttggccagac tggtctcaag ctcectgacct caagtgatcce 65160
acctgecttg gecttccaaa gtgctgggat tacaggcegtg agctaccaca cccggetgat 65220
atttcttttt aaaataactt accttcectttt gaaagtaata catgtttaat gaacagaatt 65280
taaggaaaat ataaaaaaac gaaataatct ttgtaatcaa actactgaaa agaaaaccaa 65340
agttacattt tggtgcatat tctttttcat tttcatcatt gtaatttgca tttctttgat 65400
tacttgtgag acactccttt catttactta ataggtttat atgacttgcc tattcagaga 65460
ttttgcagct ttaccatttt ctgcaaatga tagcaacttce tttttgtttg tttgtttgtg 65520
gagacagagt ctcgctcectgt cactcaggca ggaatgcagt ggtggaatct tggctcattg 65580
caactattgc ctcctgggtt caagcgattt tcctgcctca gectecccaag tagctgggat 65640
tacaggagtg tgccaccatg cccggctaat ttttgtatct ttagtagaga tggggttttg 65700
ccatgttgge cgggctgatc ttgaactcct ggcctcaage ggtccccectg tetcecggecte 65760
ccaaagtgct gggattacag gcgtgagcac cgtacccagce cagtagttac ttcttatatt 65820
ctagaaaaaa ttctactcat gatcaagtct ccatgaggaa agagacttta attgaagatc 65880
atggggcttg cagaccaata tgataaaata gttcattgtt tctaaaagta ttactgagtg 65940
ttgatggcag atatgaaccc ttttgttttt gtaggaaaat gttacccgta ttcteccattt 66000
gaattcagtt tagatttgtt aggaatcgca gcttaagctt tgccatctgg gagtgtttgg 66060

gacagttttg cagacaaaat tgcaaaagtg cctaaggaat gcagctggca ttcagacctg 66120
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ctectgtgecte agtactctgt ggacagacac tgttcagcac ttgttgatca gaaggtttag 66180
aaagagaact ttcaaagttg gtttttaatt aaagcattta atagtgtaaa tagaaaggga 66240
ttaaatttta tgacagacaa aagaaagtac agcacccagc tgggcgtggg ggctcacgcecce 66300
tgtaatccag cactatgggg ggctgaggtg ggtggatcac gaggtcagga gttcaagagt 66360
tcaagaacag cctggccaag gtgatgaaac cctgtctcta ctaaaactac aaaaattagce 66420
cgggcgeggt ggcaggcgece tgtaatccca gctactcagg aggctgaggce aggagaatca 66480
cttgaacctg gacggcagag gttgcagtga gccaagattg caccattgta ctccggecctg 66540
ggccacagag tgacattctg tctcaaaaaa aaaaaaaaaa gaaaaaaaga aagtacagca 66600
cccagttatg tccgagtggg tgcatgagag tgaccctgag attggagaca acgctgtcac 66660
gtgcttgaag aacgccacct gagaaagggg gcgagaagtg gtgtccgetg gtaaccagag 66720
gtgttggett agccatctge agggaggagg gtggtctatc acaggtgagt ttcatctact 66780
ttcttaagca aattaacctt acttttgtgt taggcttgtce ccaaagctgt tttataaatg 66840
tgaccaagga caagctgatc cagtagtggc cgtggcaaga gatcaaagca gtgtttacct 66900
gaaacttctec atgcatgaga cgcagcctcec atctcattte tccgtcagca caataaccag 66960
gtatgctgac ccagtggcat cttcacattg tcgggaaaat gccctttect gatgecttte 67020
tttaggcttt aattgaaaac attttatttt ctagaaaaaa gcttcagctc aggatgtttg 67080
agtgtaggtc agtcctttga taggatatta tcattttgag gattgaccac accacctctg 67140
tatttaagct ctgccacaat cactcagctg tgacactgta aatctcttaa tagtttatta 67200
cattccatgt gctgacagtt gtatttttgt ttgtgacact tacgtattat ctgttaaaac 67260
attttcactt tagttgtgtt acctttaaag aggattgtat tctatcatgc ctgttgattt 67320
tttggtgagce gggctattaa agtcagtgtt atttagggtt atccactagt tcagtgattt 67380
gcgagattat cattcacatt tattgtggag cttttgaata tcgtgtcaaa tggccacata 67440
tatcccatte ttatctgett cttaggtgag tgggacacag tgctttaatg aagctataat 67500
cttcagaatt ctagcttgca gagaagattg cagaagtgat aagacttgtg ctttttaatt 67560
ttgtctttta aatgttattt taaaaattgg ctttatatga tactcttttt ttctgctgag 67620
taacagtgtt ttacaaaact tggactaaat gacttctaag cttaaatgat cacttgatgc 67680
tttttttetg aattaggaac tcagcttatc aaatatcaaa gtcataattc ctgaataaat 67740
aacgtctttt ttcatgtaaa gactgcttta aaaaacacat ggaaggctgg gtgcggtgge 67800
tcacgectgt aatcctaaca ctttgggagg cccaggtggg caggtcecgcett gagctcaggg 67860
gttcaagacc acccagggca acatggcaaa acccacctcect actcaaatac aaaaaattag 67920
ccaggcegtgg tggcgggccce ctgtaatccece agctactegg gaggctgagg gatgagaatce 67980
acttgagccce cggaggcaga ggttgcagtg agccaagatt gtgccattge actcccaget 68040
tgggctacag agtgagactc tgtctcaaaa aaagacacac acacaaacaa aaaaaacatg 68100
gagacatttt tttggccacc ttaatatttc ccctcagata atttcctttg tttaaactca 68160
gaactggcat tttctctctt ggagaagatt caggacaaat actcctttaa gataagtaga 68220
agcagtgaaa gaggatttga ttatcaggaa tttgataagc ttagaataaa ttgttgcttc 68280
ttaatgtcat ttcagaagat gaatatttat taatagatgc caactgagat atcattaaaa 68340
ttgattacta actactactt ggaaaagtct cccagttcca aacttcagca ggcctcecttga 68400

caattcagct gtggtcaatt gggtcttgcg tgatagatac aatgaccaat tgtgcagcag 68460
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agtgtgctgce ttagctgcct attctgttag cattcatgtg ttaacttaaa atcataatct 68520
ccttagtttt gttgagtgtc tccgtggaca agacactgtg agggatacaa aatcagattg 68580
gctttattca aaccactggg gtattataat tcatttataa tttattttat tttttgcctt 68640
ttttccatgt gttctaaagg aattagagtt tgtatataac tataatgggg gatagaaatt 68700
gacatgtgcc atgaagggaa tgcaaaaaag tgccgtggga gatgagaagt ggagaaagga 68760
atttcttttt tcttggaagce aggaataact tcatgaagca tgtatttcaa cttaaacaga 68820
tagtaggcaa cgctgtaagg ggagtatggc tgcagcaaaa gtgttcgggg cagactggga 68880
ggaagggagg gaataaattc agccattgtt atggaataat gatcaaaatt tattttcagc 68940
ccgtttcact taaaagttga gactgcttaa ctttttttaa tctttaatct taaactttta 69000
aatgccattt gatctttaaa aatatatgtt ttaatagtgt attttaagtc tctatatttt 69060
tgttattaga atatatagag gctataacct actaccaagc ataacagacg tcactatgga 69120
aaataacctt tcaagagtta ttgcagcagt ttctcatgaa ctaatcacat caaccaccag 69180
agcactcaca gtaagtctct ttcttgatcg gtcttactga cattgtaata gtttttggta 69240
gcttgtatgg ccagttagtt gtatggtcat cttacggtga ggtgcttgtce ttacagctct 69300
tacttatcca tgaggcttgc taagaaattg tgcttctgtg aaaagaatct cagcttactce 69360
caggaatgta aatgactatg ttttttctga ttattaaagt aatacacgcc caaaataaaa 69420
aaattcagcc aatttaggaa gacacaacaa ttaaaataag ccaggcatgg tggctcatgce 69480
ctgtaatcce agcactttgg gaggccaagg ttgggggcte acttgaggtc aggagtcgga 69540
taccagcectg gceccaacgtgg tgaaacccca tctctactaa aaatacaaaa attagetggg 69600
cgtggtggeg ggcgectgta atcccagcta ctcaggagge tgaggcagga gaatcgcttyg 69660
aacctgggag gtagaggttg cagtgagctg aggtcaagcce actgcactcc agecctgtgca 69720
atagagcgag actctgtctc aaaaaaaaaa aaaaaaaaag aaaagaaaaa agtaaactac 69780
tgtcacctge attggtaatg tatcagaagt ttaaaatgtc tagattataa ttaactcagt 69840
gacctggtaa tatatactaa gggaaaaata tttataattt acatttttac atttttattt 69900
ttttaatttt attatttttt ttttgagaca gagttttgct cttgttgccc aggctggagt 69960
gcaatggcat gatctcagct caccacaacc tccacctcec gggttcaagce aattctceccectg 70020
cctcagecte ctgagtaget gggattacag gcatgcacca ccatgecccgg ctaattttgt 70080
atttttagta gagacagggt ttctccatgt tggtcaggct ggtctcaaac tcccaaccte 70140
aggtgatccg ccctectega cecccccaaag tgctgggatt acaggtgtga geccaccatge 70200
ctggccttac atttttataa taagaattta tgttgctgac attagaaaag aaccataata 70260
tccaagaatc caagaataat taaattatgt acatatgcta gtatatagtg tgatgctttg 70320
gagaattttt aacaatatgg agatgtataa tctggattgt aatattgagt gaaaaaaggc 70380
agaatacaaa cctggtgggg gtatagtcgg atttcagtta agaaaaataa tatttacata 70440
tatacatttc tcacactggc agataatcac caagataaat tttgggattg tggatgattt 70500
ttttcttett tatatttttc agatattctc aaattttcta aaatgagcaa gtataacttt 70560
tgttatcaga aaaaaataat atacaaaagt aatgttaatt tgctggtgac caggttaaac 70620
ctttttattt ttattttttg agatggaatc tcactctgtt gcccaggcta gagcacagtg 70680
gcatgatctt ggctcactge agectcecceget tectgggtte aaatgattct ctggccccag 70740
cctectgagt ggctggaatt acaggcegtgt ggcaccacac ctggctaatt tttgtatttt 70800

tagtagaggt agggtttcac caggttggtc aggctggtct cgaactcctg acctcecgtgat 70860
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ccacccacct cggcctcececca aagtgetggg attacaggcg tgagctactg cgcccagcca 70920
gaccttttta ttttatttga caaaagaaat acttccatgt tatagaagac taaatattgt 70980
ttgggctgte tgcagtatgg tettececttg atttgttcaa aatatcgtaa actttgctta 71040
tttattttta ttgtggccga ctgtgtcggg cactgttgta ggcttgggat ggaaaaacag 71100
gattcctgee cttagggttt ctgcaggctg gtcagggaga cgatgtggta agcectggaget 71160
cagctcectaa ggatgtgcag gggcagttga gaggcggaag ggtgggagat cattccaggg 71220
tgtgggcagce acaggaacct ctcttcattg ggatataatt gccattctga taacacgtgt 71280
ttgaggtgtc taaagtagga agttgtacca tggtgggaca gatatcctgt ggttatcata 71340
cacagatctc agttttcttce tcattgtttg tactttttat aaagggtaac aggagatata 71400
attcaataaa cctttgtggt gtttgggtgt gattttattg tttctttctt ctcagtttgg 71460
atgctgtgaa gectttgtgte ttcecttteccac tgccttecca gtttgecattt ggagtttagg 71520
ttggcactgt gggtatgtat tttcctcagt atatattaat agttgtctac aacagtatga 71580
cataaacata gttattagga tgcccttttt ctttcttttt aagtctttta tcaatttgge 71640
tttttggaaa aatatctgat ggaatacttg tttctgctat attagectgtg tgagactagt 71700
gacaggagct gtgggaaatg aatgccaaat gttcttaggce attgatggga atttcagggt 71760
gtggtcttca agttcattta agggaatttt catatgctgg caaaaggctt ttctcattag 71820
cttgactctt tccaaaatta tttgctgtga attagaagtt taggaacctt ttttcactta 71880
attgtgacct agcatacgaa atggtgatga tttaggaact actgttcttg tattaacagc 71940
ttttatttaa aaatgatttt cctccagtag atggccctac tagcatctgg gaaataattt 72000
caagtcttct ccagcattca ggaataggct ttcattttgt gtatcaatta ctgagaatga 72060
ttttggtgac tcacatcaca tttgagaagt aaacctgcag atttcttgtg tgtgtcagca 72120
aatgaccaac tgatatttgc ttgaagtgga ttacattatc tgctctagaa tgattgettt 72180
cccaccttee tcacatacag actgagcagce tacggtttcect aatcataggt ctggcactag 72240
acttcacttc tgggcaactt tggcattgga gtaaaatgta ttaatttaaa gaaagttaaa 72300
aatccgttca agtaaacata cagttctaat actttttaca atttaaaata tagatttaaa 72360
tgataaaata aaaaagaaaa tatgggtaga caccataatc ctcgtttctg catctgttca 72420
caaggggttg atatttatga gttctattct ccatatccat tctatgttcect cttaatgcte 72480
agtcagcacc tcaggtggtt ggagttcaat gcttggtagt ttgacttaca ctgtctttte 72540
taggggattg agccctgggt agtcctgett atttgaggtt gcaatttgtce tttcaataac 72600
ttttactaca agatatggcg tgttaaagga taccattggg gaaccaacat aataatatca 72660
ggaaaactaa ccacgtcaga cctgccccat tgtgtatcaa gtacactatt tttcecatagt 72720
aataaagagt tcaccccagc caattctctt ttattttgtg cctgtttact caatggcatt 72780
aacatgccca aatgtctggg tagctgtcte atctccagtt cagcagaacc attgtcatat 72840
gccctagtaa aagcattcect tcattggaca cttaggccec aatactttca ttcagatcta 72900
ctacctgatt tcatttctca aatgattttt atggagctct gatttatagg aaagatgtta 72960
gttgattaaa aataaaacaa tttctgagct ggtataaaat gtattgtgac atgecttcect 73020
cttggaattg caagagaaag gaagactgtt gtttgcttaa aaattgtcta taatttgact 73080
ttgcaaatgt ctgcttccag agtgcctcca ctgagtgcect cagatgagtc taggaagagce 73140

tgtaccgttyg ggatggccac aatgattctg accctgctet cgtcagettg gttcececcattg 73200
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gatctctcag cccatcaaga tgctttgatt ttggccggaa acttgcttgce aggtactggt 73260
actgagttga aacagggact ccaggacttg gattttgatt tccttagggg gaatgggggt 73320
ggtgagcata tgaggggaaa atactataag gtcattgcca gtgatggctt gtcectttag 73380
tcaaatttca gatgttacct atatgcataa acacatgcag ttggcagctg ttctgtgctg 73440
agtattttaa agtagcctct tcecccaatata gccecctcagt taactacaag taaactcatt 73500
ttgaatttca ttttaatggg caccatatgc cagtactcce tcgggcactg ggatgttaag 73560
aaagtataat gtatggactt cattctcaag ttagttttag attagagggg gatacacgta 73620
aacaaaagtg cagtggtcac acagagtggc cctaatcact ctccttgggce agatttatgg 73680
gctggtagga aagagcacaa cacggagagg gtgtagcacc ttggcgatga taatggagga 73740
tgtggccage aaggaagacg gagtccattg aaattgattt tgggagaagt tgccaatctce 73800
catgaaagaa ttggggcctg tgctatttgce ttcagggggce tataggagag tttcgtgaaa 73860
gggactaaaa gatgagtatt ttaataagat cattcatcca acttgaacat gggctggagg 73920
agaaggtagg gagactcagg agattaatgt tgatgctaag gcaagataat ggctttggga 73980
ctgtagggaa gacactgatt gtaagagaat gaaggaggca gaattgccag gcctggttca 74040
ccaactgaac ttcggttgtg aagacaaaga aacctgggat gacttcacat cctgggcagg 74100
tgtgtggtgg tgacagtcat ggaaattggg aacacagatt tgtgcgggaa acatcagttt 74160
cagtttgagt ttggcttatc agttgaatat caggcacaga tgtctggcca actctcaaca 74220
tagggtctta aatgacttca gttccccaag caatttgtce ttcecccatget attggggtgg 74280
agaggtaatg tctgtgccca tatcacagcc agtgctccca aatctctgag aagttcatgg 74340
gcctetgaag aagaagccaa cccagcagcec accaagcaag aggaggtctg gccagceccctg 74400
ggggaccggg ccctggtgce catggtggag cagctcecttet ctcacctgcet gaaggtgatt 74460
aacatttgtg cccacgtcct ggatgacgtg gctcecctggac ccgcaataaa ggtaatgtce 74520
cacttgggtg ctggattcat acagccttaa tgactatggg tttccagact acctttgttt 74580
agtaatctgt cccttcttta ttcectettttt gctttaaatg aacaaaattg ctcagattgt 74640
gacactaaat ttaacatcaa aatgtgacca tgtggatggg tgcagtggct cgtgcctgtt 74700
attccagcac tttgggagac tgaggcaagt ggatcacttg aggccaagag ttcgagacca 74760
gcctgggcaa catcacgaaa cccectctet actaaaaata caaaaaatta gatgggttgg 74820
gcecgggegtyg gtggctcaag cctgtaatcce cagcactttg ggaggccgag gtgggcggat 74880
cacgaggtca agagatcaag accatcctgg ctaacacagt gaaaccccgt ctctactaaa 74940
aatacaaaaa aattatctga gcatggtggc gggcgcctgt agtcccaget getcgggagg 75000
ctgaggcagg agaatggcgt gaatccggga ggcggagctt gcagtgagcec gagatcgtge 75060
cactgcactc cagcctgggt gacagagcga gactccgtct caaaaaaaaa attagatggg 75120
catggtggtg cgtgcctgta atcccagcta cttgggagge tgaggcaaga gagttgcttg 75180
aacctgggag gcggagtttg cagtaagcect tgattgtgce gctgcactcecce agectgggtg 75240
acagagtcag actctttcca aaagaagaaa aaaatgtgac catgtgtttt atagctcttt 75300
tagtatcatc agtcactgtt atccctaaga gggaaatacc tagctttagt tttaggtttce 75360
cagcattagc caagaaagct cagaattgat gttcctggce aagtacctca ttgctgtcte 75420
cttaaatctt ggttaatggc tactgtcctg gctagcatag ttatggagca tttccatggt 75480
tgtagaatgt tctgccaatc tcagggacag ttttgctttt ctgtgaagca ataaaatcaa 75540
cttcaaaaca aatgttaact atttgtacaa tggatttaag atagaccagt tcacatactt 75600
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tttttttttt ttttttttga gatggagttt cattcttgtt gecctgggctg gagtgcaatg 75660
gtgtgatctec agctcactgce aacttctgec tecctgggtte aaacgattct tctgectcag 75720
cctectegagg cagattacag ctgggattac aggcatgcac caccacaccce agctaatttt 75780
tttgtagttt tagtagagac ggggtttcac catgttggtc aggttggtct caaactcctg 75840
acctgaagtg atctatccge ttecggectcece caaagtgttg ggattacggg catgagccac 75900
cacgcccagce ctaagataga ccagttcact tactgtttat atctgattac tcectctetttg 75960
ccttgtette tacctttaaa aatctcecccta ctaacttcecce attctecttt agectgecate 76020
agtcttectece cttcectctgeca aacatctcectg gagagtccca gcectcagcecce acagagctte 76080
ccactgctct gaggtggacc ttgtttgcaa ggcttctttg gectcetettgg cctggacccect 76140
gtctactact tcagccatce ttecttaacc cctgetggtg gtttcectgttg ccacactcecca 76200
tagcagcegtt tcccgcccag atcatgtcett tacatctcetg ggcactgcte tggtectgee 76260
tgcctttece tetttgtate ctgcaggctg ctacccccat cttgagtgte ctcecttcagtt 76320
ggctttcaga gggcctectg ggtgttecct tacccacttg ccactcccca gtcactgggt 76380
tcagtcctte ctgcccacca gcacatgett tctaggctcect gtcectaggecce gtcecttetcte 76440
tttgtagtct ctgggccagt gectgttctag agagtggcag aattttctat aaccatggca 76500
gtgctccata gctatgccag gcaagacagt agccactaaa cacatatagc tgttgagccce 76560
ttgaaatgca gctagtgtga ctgaagaact gaaccccgat tcggtttaat tttcattaaa 76620
tttaaattta aataacctta tgtgggtagt ggctccagta ttgggcaggg cagcctgaga 76680
gtcggggetyg ttectectgte ttcagtgtet agatgaggga cctcagagga cctgtctetg 76740
gagctgcagt tcaatgtagc cagctgcccce gtgacactta catatagectg atttgtggat 76800
atgtcagaca cggtgtgatg agctcagctt tctgtcctcece tceccccacatce tgccectgee 76860
ccatttaccce cactttgtgt cttatcaagc tagaaacagg tcaccacaag tcttcatttce 76920
cactcaccaa gtcttttgtt tcccctacta aatattttge gagaagaaag tgtgtacctt 76980
tgtattcaca tacatgtaca tgcacatata catgcacata tgcaggggtc cccaacctct 77040
gttaaaaacc ggactgcagg ccgtgcegtgg tggctcacge ctgtaattcc agaactttgg 77100
gaggccgaga ccagtgcatce acaaggtcag gagatcgaga ccattccggce tcacacggtg 77160
aaacccegte tctactaaaa atacaaaaaa aaattagccg ggtgtggtgg cgggcegccca 77220
tagtcccage tacctgggag gctgatgcag gagaacggcg tgaacctggg aggcggagcet 77280
tgcagtgagce cgagattgtg ccattgcact ccagcctggg cgacagagcg agactctgte 77340
tcaaaaacaa aacaaaacaa aaaaaaaaaa aaccaggctg cacaggaaga agtgagcaag 77400
cattaccatc tgagctctat ctcctcetcag gccagtggtg gcattagatt ctcataggag 77460
cgtgtatgag ttcgttctca cacttcectgta aagacatacc tgagacatat aaagaaaaga 77520
ggtttaattg gctcacagtt ctgcaggctg tacaggcttc tgtttctggg aaggcctcag 77580
gaaacttgca gtcatggcag aaggtgaagg ggaagtaggc acatcttcac atggcccaca 77640
ggaaaaagag agaaggagag agagagagag acagagagag agagagaaaa agaaagattg 77700
agagggagag aggagggaga aaggagagtg cctgtagggg gagttgctac acaaaggagc 77760
accaggggga tggtgctcaa ccattagaaa ctacccccat gatccaatca cctcccacca 77820
ggccccacct ccgacactgg agattacaat tcagcatgag atttgggtgg ggacacagag 77880
ccaaaccata tcagagcatg aaccctattg tgaactgcac atttgaggga tctaggttgce 77940
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atgctectta tgagaatcta atgcctgatg atgatttgag gtggaacagt ttcatcccga 78000
aaccatcccce cgccaacccet ggtttgtgga aaaattgtct tccacagaac cggtcectgg 78060
tgccaaaaag tttggggacc tcectgcacata tgcatgcacce tgtacatgga cacataatac 78120
atgtacatat gcatacttta tattctctgce cacttctggt ccagactgat atactatctce 78180
atttggatta ctgcactagc cttttgtttt ggaaacagca ttttttaaaa aatttaattt 78240
aatttttttg agatagggtg tcattctgtt gcccagcttg gagtgcagtg tcatgatcat 78300
agctcactge ggcctcgatce tcecccaggcte aagtgatcct tectgectcag ccttetcagt 78360
agttgggact acaggcatac ccaccatgcc cagctaattt tttgattttt tttttttttt 78420
gagacagagt ctcagcctgt cgcccaggcet ggagtgggtt ggcgcgatct cagctcactg 78480
caacttctge ctcccaggtt caagtgattc tcctgcctca gectcecccgag tagttgggat 78540
tacaggcgcce tgccaccaca cccagctaac tttttgtatt tttagtagag acggggtttce 78600
accatgttgg ccaggctggt ctcgaacttg tgacctegtg attagecccge ctcecggectece 78660
caaagtgctg ggattacagg cgtgagctac cgctcccage caggaaacag cattcttgag 78720
ataattcata taattcaccc atttaaagta tataattcat tctcectttagt atgcccacag 78780
agttgtacag ccatcaccag aatcagtttt agaacccata aaggaactct gtactcttta 78840
cccaaaacct ccatgectec agectgcaggce agccactaac ctgccttcetg tetcectgtgac 78900
tctacgtett ctggacatta ctgtggatgg gctcatacag tcagtgagct tgtgactggt 78960
gccttcectace aagcagggtt ttcagtgtag cagcctctet gtttttettt tttttttaaa 79020
ttgtgacgga acttctgecct cccgggttca agcgattcecte ctgcectcage ctcccgagtg 79080
gctgggacta caggcccatg tcaccatgec tggctaattt tttttttttt tttttttagt 79140
agagatgggt ttcaacatgt tagccagggt ggtctcgatce tcctgacttce atgatccgece 79200
tgccteggece teccaaagtg ctgggattac aggcgtgage caccatgccce ggctaacctt 79260
tcatttactg tctgcattte ttcecctgatg ccttceccagte catgcacccg attgtagecca 79320
ttcatcctat tatggtttaa ggtgactgtc ttagtcagca tgggttgcca taacaaaata 79380
ccatagcectg ggtggcttca acaacagaat ttacttctca cacttctgga ggttgggaag 79440
tccaagatce aggacttteg ccecttgcccte atgtggtgag ggggtgagga agctcectgtgg 79500
ggcctcettat atatggatgce taatctcatt catgaggggt ctgccctcat gacccagtca 79560
cctecccaaag gecccaccte ctaataccat caccctggta attaagtttc agtgtataaa 79620
tttgggggac tatagacatt gaaaccataa caagcacttt tctaagatca gggagtgagt 79680
aagtagcaga gctaggacct caattccaca tgtcagtcat cttgccttca ctctgetcca 79740
tgatggctgce ctcctagage attgggagtce tcgatgttcect atatgectcte atgtgttgtg 79800
tattggagat agttgaggct ttatgaatac atctggattt gttgacttct agctttgctg 79860
gtaaccagct gtgaccttga ataagttact tcatctctga gcctgtttcce tcttttagaa 79920
acaggagttt aaaatgctgc tttgggttgg gcacggtgge tcatgecctgt aattccagca 79980
ctttgggagg ctgagatggg aggatcactg gagcttggag ttcgagacca gcctgggcat 80040
catagtgtga gatcctgtct cctcaagaaa ttaaaaaatt agctgggtga tgtggegtgt 80100
gcctgtggte ccatctacte tggaggctga ggtgggagga ttgcttgagce ccaggaggtt 80160
gaggctacaa tgaaatatga ttgcacccca tcctgggtga cgagtgagac cctgtctcaa 80220
aaaagaaaaa aaaaatgctg ctttgtaccc ctttcatgtc atggcgtcat ggccaacata 80280

gaatgcccetg gttgtttgcet gttggaggge atgggcctgg gggctcecctg agggctcecctt 80340
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ccatcttcaa ctcattctect gtgcacctgt taggaagttg tgggccagtc cctaccatgt 80400
atcattgtgt gggtaaaagt aaataaaatg tgtacagtgt ctgaactgta catatcaggg 80460
tccaagaaca aaatgagtga catgggttag ctctttttaa taaatggtaa aaccaaatat 80520
tctaattttc agttttgtta tacttccatc acatgttttt gtttttttgt tttttgtttt 80580
tgtttttcta ttttaggcag ccttgectte tctaacaaac ccccecttcete taagtcccat 80640
ccgacgaaag gggaaggaga aagaaccagg agaacaagca tctgtaccgt tgagtcccaa 80700
gaaaggcagt gaggccagtg caggtaggaa acagcgtggg gaagggaggg acatgagtgce 80760
agcatctgtc atgtagaaac ataggattta agtaacttgg tgttttagag aaataaatat 80820
aatacacatc agtaaagtga gagaaagttt ctccaggtgc ggttcaagat attagaaact 80880
aatgactgat gtacacagac caccttttgg tctgaagcat ttctaagtgc cactggctga 80940
